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INTRODUCTION 
In the present study a technique is introduced to measure the 
length of the right ulna. The measurements can be performed 
starting at a child's age of about four years. The standard deviation 
of the error of measurement amounts to 0.21 mm. Therefore this 
technique enables the detection of ulnar length changes of about 
0.4 mm and thereby growth of the ulna can be detected within 
relatively short time intervals. Contrary to earlier described 
techniques using x-rays (Maresh 1955, 1959, 1964, Mc. Cammon 1970), 
these measurements can be repeated frequently without objections. 
Thus the regulation of growth in periods of a few weeks can be 
studied. The method and its evaluation is described in chapter one 
and two. In chapter two the results of a study of the genetic 
influence on the ulnar length and growth are described. 
Since many studies (Burt 1944, 1947, Thurstone 1947, Rees 1950, 
Howells 1951, Lindegard 1953, Schlegel 1957, Trotter and Gleser 
1958, Athawale 1963) reported a close correlation between lower 
arm length and body height a similar correlation between growth 
in ulnar length and growth in body height could be surmised. In 
chapter three the correlation between growth in ulnar length and 
growth in body height has been elaborated. In that study a classi-
fication procedure has been introduced in order to enable pooling 
of longitudinally collected growth data in a group of individuals. 
Moreover, the difference in sensitivity of measuring growth 
by body height and ulnar length measurement has been approxi-
mated. It has been indicated that the sensitivity of the method 
guarantees the assessment of pathological growth retardation. 
Besides, attention has been drawn to the phenomenon of so-called 
transitional changes of the ulnar length. In this context it has 
to be emphasized that with the method described the measured ulnar 
length includes both the length of the ulna sensu strictiori and 
the soft tissues covering the olecranon and the ulnar styloid 
process. The contribution of such transitional changes of the ulnar 
length to the intra-individual variation of the growth measurement 
has been approximated. 
Concerning the feasibility of the method in comparison with the 
measurement of body height the latter is easier to perform. How-
ever, the about three times higher sensitivity in detecting growth 
changes by the proposed method more than outweighs the difference 
in feasibility between both methods. 
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ACCURATE MEASUREMENT OF THE LENGTH 
OF THE ULNA ANT) ITS APPLICATION 
IN GROWTH MEASUREMENT 
I. M. лі к 
Dcparlment of Anatomy, hmbr\olnf,\ and ¡'к шаі Anthropology, 
Catholic University, Αηηκχαι, Holland 
(Recmtd for pubhr.ilion Julv 12, 1971) 
This paper reports a new method of ulrur kn^th measurement for the déter-
mination of endochondral growth The tuhniquc employed ii quite different 
from techniques commonK utilized and requins an increase in the number of 
measurements per individual per time 
Endochondral growth of one uln.i mav now be measured in t\vcnt\-one da\s 
if the prowth is at least 0 4 mm Thi ability to measure growth with a margin 
of error in tenths of millimeters is a substantial improvement to methods in 
which the error fault is commonly expressed in millimeteis This new technique 
permits 
1 Short term growth studies 
2 Studies of drug effects on ulnar growth on single individuals within a 
relatively short time interval 
1 If growth of the ulna is observed, it ma\ be concludtd that the epiphysial 
discs are open In these cases use of X-iav determination is not nccessarv 
The anatomical development of the individual is a subject of con-
siderable interest to anthropologists and physicians. The determination 
of this development is based on the subject's body height and weight, 
dental age, skeletal age, and, around puberty, the secondary sexual 
characteristics. The body height and weight are complex measure-
ments and their components are difficult to determine. Lindegard's 
theory ('S3), and the factor-analytical studies of Burt ('47), Howells 
f'Sl) and others on the body's composition, have produced a number 
of less complex measurements which make it possible to give a more 
differentiated description of individual development, with respect to 
fat, muscles and bones. In the growth of long bones, two growth prin-
ciples must be distinguished: endochondral growth in length and peri-
osteal growth in width. The technique of measurement described here 
is concerned with the measurement of the endochondral growth of 
the ulna. 
Endochondral growth is an important factor of total body height 
because the growth in length of the long bones depends on it. Factor 
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analysis on anthropometric data has shown that the length of the 
forearm forms a part of the length factor. The length of the forearm 
correlates with total body length (r = .80). Therefore an accurate 
measurement of the growth of the ulna, can serve as a good indicator 
of growth in total body length. The methods of measurement usually 
adopted in anthropology for determining the length of the limbs are 
not very suitable for this pur|X)se because they carry a considerable 
degree of error. 
According to Lewin ('69: 7-10) a standard error of at least 9 mm. 
would be expected in measuring the length of the ulna by the tech­
nique of Martin and Sailer ('57). The author's investigations, in which 
the length of the ulna was determined directly with a spreading caliper, 
gave a standard error of 2 mm., which is still too great for establish­
ing the eventual growth of that bone during a reasonable period. Al­
though the improved technique reported herein requires an increase 
in the number of measurements, this is more than compensated for by 
its accuracy and considerable reduction in margin of error. 
T H F MLASURING APPARATUS 
For measuring the ulna we first devised a "fixing apparatus" which 
immobilizes the forearm in a precisely reproducible manner; secondly, 
we constructed an apparatus, called the "condylograph," for carrying 
out the measurements. The construction of the fixing apparatus can 
best be understood from Figure 1. 
FIGURE 1 
The Fixing Apparatus. 
1. Plane lo support the forearm at 75° with the horizontal 
2 Hand-support sliding along the longitudinal axis of the plane 
3. Adjustable edge to prevent lateral movements of the hand 
4 Edge for the same purpose as (λ), movable along the longitudinal axis 
5 Wrist support, movable along the longitudinal axis, to prevent medial displ.icemenl 
of the wrist. 
6 Clamp which can be moved up and down on the wrist support to prevent verticil 
movement of the wrist. 
7. Raised corner supporting the elbow 
8 Back edge of elbow support, against which the elbow is pressed 
9 Support to keep the upper arm at a constant angle 
10 Scale for the reproducible determination of the positions of (2) and (5) 
11. Scale for the reproducible determination of the position of (6) 
12. A card on which a needle print may IK registered and which is renewed for each 
measurement. 
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For optimal utilization of the fixing apparatus, a record should be 
made of the subject's sitting height and his position (more conve­
niently, that of the chair upon which the individual is situated) relative 
to the fixing apparatus. This may conveniently be facilitated by using 
a height adjustable stool on a board marked with square co-ordinates. 
As has been mentioned, the measurement is repeated several times. 
Between measurements it is not sufficient for the subject merely to 
remove his forearm from the fixing apparatus; he must stand up, move, 
and be seated again. 
The Condylograph 
The condylograph (Figure 2) consists of a revolving cylinder, in the 
center of which an awl is placed. The cylinder is fixed to a (wooden) 
block so that it only can rotate around its long axis. The cylinder can 
be drawn along the object to be measured, against which it is pressed 
by a spring with a reproducible pressure which can be read on a scale 
(4 and 8 in Figure 2). For the measurement of long bones, a pressure 
of about 800 gr. is usually suitable. The awl must be supported by the 
spring so that the tip of the awl touches the underlying card only when 
pressure is exerted (3 in Figure 2). Pricks can then be made in the 
card at suitable intervals for use as measuring points. 
T H E MEASURING PROCEDURE 
For measuring the length of the ulna, the olecranon has been chosen 
as the point of reference, while the dividing line between the os tri-
quetrum and the ulnar styloid process, which can usually be readily 
palpated with the condylograph itself, serves as the measuring point. 
The essentials of the measurement are shown in Figure 3. When the 
arm has been fixed, the cylinder of the condylograph is pressed against 
the side of the hand. 
This pressure is maintained while the under surface of the con­
dylograph ( 7 in Figure 2 ) slides over the base of the fixing apparatus 
(Figure 1). With a sliding movement, the cylinder is drawn along the 
hand to the wrist until the cylinder is lying between the os triquetrum 
and the styloid process. Usually there is not any doubt when the 
cylinder has reached the opening between the os triquetrum and the 
styloid process, because at that moment a little shock is felt in the 
condylograph. The condylograph is then moved so that it stands at 
an angle of 90° to the longitudinal axis of the forearm; this must be 
TOP VIEW 
SIDE VIEW 
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FIGURE 2 
1. Cylinder. 
2. Awl. 
3. Spruig for use with the awl. 
4. Spring to control the pressure of the cylinder on the object measured. 
5. Scale to control the pressure mentioned under (4). 
6. Block. 
7. Sliding surface. 
8. An indicator for scale mentioned under (S). 
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FIGURE 3 
done without changing the position of the cylinder of the condylograph. 
Next, the cylinder is pressed against the wrist with a reproducible 
pressure which can be read on a scale (5,8 in Figure 2). When the 
desired pressure is reached, the awl is depressed (2 in Figure 2) so 
that a prick is made in the underlying card, which is renewed for each 
measurement. The distance between this prick and the back of the 
elbow support (8 in Figure 1) represents the length of the ulna, which 
can be read off on the scale provided (10 in Figure 1). (See also 
Figure 4.) 
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RESULTS 
To check the accuracy of the measuring apparatus, six measure-
ments were made by the same person on fifty-two primary school chil-
dren every 21 days over a period of several months. 
The mean of the standard deviations was 0.21 mm. The mean of 
the standard errors of the means was 0.09 mm. The mean of the ranges 
was 0.63 mm. The mean of the changes in ulnar length after 21 days 
was +0.6 mm. Most of the changes were shown to be significant by a 
t-test. 
The interobserver error depends on the structure of the measure 
point described above, and on the training of the observers. If the 
measure point is well palpable with the cylinder of the condylograph, 
the interobserver error lies within the intra observer error, even among 
untrained observers. Thus, the interobserver error does not exceed 0.22 
mm. in the present study. In the case where the opening between the 
os triquetrum and the ulnar styloid process is not easily palpable, the 
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interobserver error depends on training. With untrained observers, 
the interobserver error can amount to 0.5 mm. which is still better 
than the error obtained with a single observer utilizing other anthropo­
metric techniques. For convenience in reporting the utility of our 
method and in the interest of conserving space, the data of 20 randomly 
selected individuals is reported (Table 1). 
The findings mentioned in the table result from ал evaluation survey. 
Concurrently, we have undertaken studies to determine the velocity of 
growth of the ulna of eighty-two male pupils of a technical school and 
fifty-six male pupils of secondary school. These children have been 
measured during five periods of twenty one days each. Once in every 
twenty one days each of them has been measured six times in succes­
sion; i.e., 828 series of six measurements have been performed thus far. 
The results of these measurements confirm those described above: 
the mean of 828 calculated standard deviations amounts to 0.22 mm. 
The mean of the standard errors of the mean amount to 0.09 mm. We 
have chosen two growth diagrams of two 13-year-old boys from the 
above mentioned investigation to serve as an example for comparing 
puberal- and pre-puberal growth velocities of the ulna length. The 
difference in growth velocity between the two boys is obvious. (See 
Figure 5.) 
CONCLUSIONS 
It can be concluded from these results that the measuring technique 
proposed is reasonably accurate. Furthermore, if six measurements 
are made at the same time by this technique in one individual we obtain 
a sufficiently accurate estimate of this person's ulnar length to be able 
to demonstrate growth within a relatively short time. However, the 
interval in which growth can be established also depends on the rate 
of growth of the ulna, the possible transient changes in the tissues 
situated between the skin and the bone, and the transient changes in 
the epiphysial discs. 
An observed increase only may be called growth when it is perma­
nent and exceeds the effect of the last-mentioned two factors. In most 
cases it could be deduced from the size and the continuity of the 
chinees that the increase in the length of the ulna in twenty-one days 
had to be attributed to growth (see Table 1). 
In cooperation with the Department of Internal Medicine of the 
University Hospital of Nijmegen, patients with disorders of growth 
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TABLE 1 (Continued) 
child 17 
day 
1st. 
21st. 
42nd. 
63rd 
84th. 
105th. 
child 19 
day 
1st. 
21st. 
42nd. 
63rd. 
84th. 
105th 
X 
227 1 
2 2 7 9 
228 8 
229 0 
229 8 
230 4 
X 
219.1 
2 1 9 3 
220 4 
2 2 1 0 
221 7 
222 2 
SD 
0 24 
0 41 
0 29 
on 0 2 6 
0 16 
SD 
0 2 5 
0 2 2 
0 28 
0 2 1 
0 10 
0 13 
S E -
0 10 
0 18 
0 12 
0 0 4 
O i l 
0 06 
S E ; 
0 10 
0 09 
0 Π 
0 08 
0 04 
0 05 
Δ 
0 8 
0 9 
0 2 
0 8 
0 6 
Δ 
0 2 
1 1 
0 6 
0 7 
0 5 
t 
4 0 
4 2 
1 6 
6 9 
4 8 
t 
1 5 
7 6 
4 2 
7 ? 
7 5 
Ρ 
** 
*** 
*** 
*** 
Ρ 
** + 
Λ * * 
·> * 
*** 
child 18 
day 
1st 
21st 
42nd. 
63rd. 
84th. 
105th 
child 20 
da> 
1st. 
21st 
42nd 
6 i r d 
84th 
105th 
X 
211 7 
232 7 
233 8 
234 3 
2352 
2 1 5 6 
X 
255 9 
256 0 
257 0 
257 8 
258 2 
258 9 
SD 
0 2 2 
0 18 
0 2 1 
0 2 1 
0 2 1 
0 20 
SD 
0 22 
0 19 
0 2 2 
0 22 
0 14 
0 22 
S E -
0 09 
0 07 
0 09 
0 08 
0 08 
0 08 
S E -
0 09 
OOS 
0 09 
0 09 
0 06 
0 09 
Δ 
1 0 
1 1 
0 5 
0 9 
0 4 
Δ 
0 1 
1 0 
0 8 
0 4 
0 7 
t 
8 6 
9 2 
3 9 
7.4 
3 4 
t 
0 8 
8 4 
6 3 
3 8 
6 6 
Ρ 
*** 
*** 
** 
*•* 
** 
Ρ 
« φ * 
**« 
· · *** 
Each bold square encloses the results obtained with one child 
X = mean of 6 measurements per individual per day, expressed in mm 
SD = standard deviation of 6 measurements per individual per day, expressed in mm. 
SE = standard error of the mean of 6 measurements per individual per day, expressed in mm. 
Δ = delta = changes in the mean of 6 measurements alter 21 days, expressed in mm. 
t = value of the student test 
ρ = significance level. 
* = ρ = 0 05. 
** = p = 001 
••• = p = 0001 
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CONSECUTIVE CHANGES OF THE ULNA LENGTH OF 
Т чО 13 YEARS OLD BOYS 
puberal growth prepubere! growth 
chants wfthin — .. 
21 days (mm) 
12 
10 
0.8 
0.6 
04 ; 
02 . . 
o o I l ι ι ι I 1 I I ι ι . I I l l I I I I . 
-0.2 - - - -
-Q4 
1^ г"d5'J4 , h5"^6*7"'8"^9"'Ю" , I* 2 -3"'4и^5^ l^6"^7 , ьa' ,'í 'hЮи^ 
period o f 21 lUy» 
FIGURE S 
On the χ axis the periods oí 21 days arc shown, on the y axis the consecutive rhaniscs 
of the ulna length are shown. 
The horizontal crossing little lines represent the limits of statistical confidence. 
are now regularly measured by the technique described. For two ex-
amples see Figures 6 and 7. 
With this technique it is possible to determine in a short time 
whether the ulnar epiphysial discs are open, but not whether they are 
closed. This is especially useful when there are objections to X-ray 
examination. It is also possible to determine in a fairly short time 
whether drugs significantly affect the rate of growth of the ulna, in 
one individual. (See Figure 7.) In Figure 7 you see the influence of 
chorionic gonadotripin on the growth velocity of a boy with delayed 
puberty. Besides you can compare the growth velocity between a boy 
with delayed puberty and a 13-year old boy with normal puberal 
growth velocity. 
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GRAPH OF C O N S E C U T I V E C H A N G E S 
OF T H E ULNA LENGTH 
changes w i t h i n 
21 days ( m m ) 
2 4 η 
2.0 
1.6 Η 
1.2 
0 8 
0 4 
.jth 2"d3rd 4 th 5 th gth 7 th gth gth 1 0 t h l 1 t h 1 2 t h 1 5 t h ) 4 t h ) 5 t h 
p e r i o d of 21 days 
FIGURE b 
Measurements of ulna length changes over IS periods of 21 days each of a 17-year-old 
boy with a delayed puberty. Total body length at the start of our observation was 159.0 
cm., after AIS days it was 167 1 cm The total change of the ulna after 315 days was 
13 4 mm 
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COíSeCUTIVE CHANO-ES Of Т Н І ULNA L E N O T H O f T W O BOYS 
O yMt-ft old 
w i t h pub*r«l growth 
chdn^r» within 
(mm) 
22 ι 
2 0 
I B 
16 
1 4 
I 2 
1 0 
0 « 
0 6 
0 4 
0 2 
0 0 
-0 2 
•04 
4 ) 6 
17 y««rs old 
with d rúyed puberty 
кИогкмж ¿utMdolropin 
l" г"'3''4'*5"6 , "Г , Ч"9"Ю н · Г 2 - y*4*5"'e"»7"i , "9"«r"lf , e , Tjri<°«'*l6'' 
р^гяні of 21 dey» 
FIGURE 7 
On the χ axis the periods of 21 days ave shown, on tho y axis (he consecutivi· changes 
of the ulna length are shown. 
The horizontal crossing little lines represent the limits of statistical confidrme. 
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CHAPTER 2 
Ulnar length and growth in twins with a simplified 
technique for ulnar measurement using a condylograph. 
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SIMPLIFIED TECHNIQUE FOR ULNAR MEASUREMENT 
USING A CONDYLOGRAPH 
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Catholic University, Nijmegen, Holland 
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This article reports the results of a longitudinal Rrowth studv in twins, per-
formed in order to detect the relative importance of the genetic information 
and the environmental influences on the growth process As growth parameter 
the increase of the ulna length was used During one and three quarters of a 
year the length of the ulna in thnty two children—members of twins and 
triplets—was meisurcd every three weeks The within pair difference of the 
ulnar length and growth of monozygotic and dizvgotic twins were compared 
The variances of the within pair differences of the three week ulnar growth rate 
appeared to be statisticallv not discernible The within pair difference of the 
ulnar length itself was sigmficantlv greater in dizygotic twins than in mono-
zygotic twins The results lead to the conclusion that in the age group studied 
the environmental influences dominate the genetic information in the giowth 
process 
Genetic and environmental factors influence growth and develop-
ment Longitudinal growth studies in monozygotic and dizygotic twins 
have been performed in order to detect the relative significance of 
genetic information and environmental influences. In these studies 
conventional indicators of growth and development have been used, 
e g. body height, dental development, ossification centers, and the de-
velopment of sex characteristics. Recently in this laboratory a method 
was developed which permits the study of growth at short intervals 
(three weeks) by measuring the ulnar length (Valk 1971) 
It was thought worthwhile to use this method in studying short term 
growth in monozygotic and dizygotic twins in order to reevaluate 
earlier drawn conclusions on the relative contribution of "nature" and 
"nurture" on growth. 
MATFRIAL AND MFTHODS 
Seven pairs of monozygotic twins, six pairs of dizygotic twins and 
two sets of triplets were studied. One monozygotic pair was fifteen 
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and a half years old. The ages of the other subjects varied from six to 
thirteen years and the means of the ages were eight years in both twin 
groups. The zygosity determination was based on bloodgroup typing 
from the subjects and their parents.* 
The ulnar length of each subject was determined once in every three 
weeks during a period varying from twelve to twenty-four consecutive 
intervals. Each determination comprises six consecutive measurements. 
The three week growth rates, and the within pair differences of these 
growth rates were determined. For each twin pair the within pair dif­
ferences of three week growth rates of all the intervals during the study 
period were averaged and the variance was calculated. The variances, 
obtained in this way, for the monozygotic twins were compared with 
the corresponding data of the dizygotic twins. The differences between 
both groups were tested with Wilcoxon's two sample test. In the same 
way the concordances of the ulnar growth in the whole study period 
were calculated, and the difference between both twin groups was 
tested. The within pair differences of the ulnar length at the start and 
at the end of the study period were also determined. The differences 
of the monozygotic twin group were compared with those of the di­
zygotic twin group and the difference between both groups was tested 
with Student's two sample test. 
RESULTS 
In Table 1 the results are shown of growth measurements performed 
in all the subjects studied. The means and standard deviations of the 
consecutive three week ulnar growth rates are collected. The number 
of the three week intervals is not the same for all the subjects, since 
several subjects could not be measured during the whole planned study 
period. The three week growth rate in the group studied averaged 0.50 
± 0.14 mm. The within pair differences of growth rates in twins are 
shown in Table 2. The means and the variances of these differences 
are collected for the monozygotic and dizygotic twin group separately. 
The difference between the variances of the two twin groups appeared 
to be statistically not discernible. (Wilcoxon's two sample test, ρ > 
0.10; W = 84; η = 9; m = 10.) In Table 3 the growth in the whole 
* The bloodRioup typing and z\ gosity determination weic pcifoinncd hy Di L E 
Nijenhuis and Dr Ein.i v.m boghom, Central Laboraton of the Rlood Transfusion 
Service of the Nederlandse Rode Kruis (Dutch Red Cioss), Amslerd im, Holland The 
author's thanks arc due to both cooperators and their staff 
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T A B L E 1 
G R O W T I I R * T E S IN T W I N S \ N D T H I P I X T S M E A N S AND 8Т\ХОАКО D E V I A T I O N S 
οι T H R E E W E L K G R O W T H K\Tts OF T I I I R T \ TWO C H I L D R E N 
Subject 
l a 
i b 
2 a 
21) 
l a 
4a 
4b 
Sa 
Sb 
6.1 
ob 
7a 
7b 
7c 
8a 
81) 
8c 
9ч 
9b 
10a 
10b 
l i a 
l i b 
12a 
12b 
1 U 
H b 
14a 
14b 
l í a 
H b 
Sex 
F 
F 
F 
F 
F 
F 
F 
F 
M 
M 
M 
M 
M 
M 
M 
F 
F 
F 
F 
F 
M 
M 
M 
M 
F 
F 
F 
F 
F 
M 
F 
M 
Age m 
j e a r s a t 
the end of 
the s tudy 
115 
l ì 
8 
6 
9 
H 5 
6 5 
7 
6 5 
11 5 
7 
8 5 
8 5 
7 
10 
Numbet of 
3-\\сек 
intcrvab 
19 
20 
2л 
25 
19 
19 
22 
22 
20 
20 
17 
16 
19 
17 
19 
24 
24 
24 
20 
20 
25 
24 
21 
21 
14 
12 
17 
17 
16 
16 
16 
H 
M e a n of 
3 week 
m o u t h rates 
in m m 
0 69 
0 64 
0 29 
0 47 
0 40 
0 5 1 
0 46 
0 50 
0 40 
0 49 
0 09 
0 07 
0 4 Ì 
0 50 
0 46 
0 56 
0 58 
0 5 1 
0 6 5 
0 64 
0 54 
0 5 1 
0 59 
0 58 
0 50 
0 52 
0 70 
0 56 
0 4 Í 
0 57 
0 6 1 
0 44 
S tandard 
deviation 
0 32 
0 48 
0 28 
0 26 
0 55 
0 40 
0 40 
0 Ì8 
0 44 
0 4 * 
0 U 
0 4 7 
0 60 
0 50 
0 5 5 
0 40 
0 58 
0 !7 
0 4 1 
0 60 
0 и 
0 24 
0 46 
0 50 
0 44 
0 Ì7 
0 22 
0 Ю 
0 44 
0 6 ' 
0 6 ( 
0 І7 
Tlu subject number indícales a twin pair or triplet 
The letters a, b i n d с indicate the members of a twin pair or a triplet 
The subjects 7a, 7b, 7c, 8a, 8b a n d 8c are membeis ol triplets 
l· = Female 
M = Male 
study period of each subject and the within pair differences of the 
growth are collected for the monozygotic and dizygotic twins sepa­
rately. The within pair differences of ulnar growth in the whole study 
period were statistically not discernible. (Wilcoxon's two sample test, 
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TABLE 2 
MfANS AND \ARIA\-CFS OF THE V\ ITIITN PAIR DlHERLNCLS OF T H R F E WEEK GROWTH 
RATES IN NINE MONOZIGOTIC wo TE^ DIZ\GOTIC TWIN PAIRS 
Twin 
pair 
n u m b e r 
1 
2 
Я 
4 
ί 
6 
7 
8 
9 
Monozygot ic twin pairs 
X u m b c r 
of 
inteivals 
19 
2 i 
19 
22 
20 
16 
17 
24 
19 
Mean 
within pair 
difference 
in mm 
0 46 
0 2 i 
0 Î 7 
0 3 S 
0 33 
0 3 7 
0 47 
0 2 9 
0 33 
Variance 
0 14 
0 06 
0 09 
0 08 
0 24 
0 3 1 
0 14 
0 07 
0 07 
Twin 
pair 
number 
10 
11 
12 
13 
14 
15 
7ac* 
7bc 
8ac 
8bc 
Dizygotic twin pairs 
N u m b e r 
of 
intervals 
24 
21 
12 
16 
16 
14 
19 
17 
24 
24 
Mean 
within pair 
difference 
in mm 
0 32 
0 35 
0 38 
0 28 
0 49 
0 53 
0 32 
0 44 
0 22 
0 28 
Variance 
0 05 
on 
0 04 
0 10 
0 08 
0 15 
0 08 
0 10 
0 0? 
0 04 
* ac and be indicate twin combinations of triplets 
T A B L b 3 
U I W R GROW ι и IN THI WHOLF STUDY PERIOD AND THE WITHIN 
PAIR DIFFFRFNCE OF NINETEEN T W I N PAIRS 
Subject 
l a 
l b 
2a 
2b 
3a 
3b 
4a 
4b 
5a 
5b 
6a 
6b 
7a 
7b 
8a 
8b 
9a 
9b 
Monozygot ic twins 
G r o w t h in m m 
in the whole 
s tudy period 
19 41 
18 24 
9 67 
15 22 
12 74 
Π 25 
12 28 
12 50 
9 34 
1136 
2 18 
2 63 
1158 
12 63 
14 54 
15 31 
16 20 
14 11 
\\ ithin pair 
difference 
in m m 
1 17 
5 55 
0 5 1 
0 2 2 
2 02 
0 45 
1 0 5 
0 77 
109 
Subject 
10a 
iob 
11a 
l i b 
12a 
12b 
13a 
13b 
14a 
14b 
15a 
14b 
7a 
7c 
7b 
7c 
8a 
8c 
8b 
8c 
Dizygotic twins 
Grow th in m m 
in the whole 
s tudy period 
17 44 
16 08 
14 87 
1521 
8 62 
8 32 
14 76 
12 28 
7 88 
9 77 
10 80 
8 55 
1158 
12 39 
12 6? 
12 ?9 
14 54 
H 7 S 
15 11 
13 75 
Within pair 
difference 
in m m 
136 
0 34 
0 30 
2 48 
189 
2 25 
0 8 1 
0 24 
0 79 
156 
The subject number indicates a twin pair 
The letters a, b and с indicate the members of a twin pair or a triplet 
The subjects 7a, 7b, 7c, 8a, 8b and 8c are members of triplets 
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ρ > 0.10; W = 87; η = 9; m = 10.) The mean ulnar growth in the 
whole study period was 11.66 ± 4.57 mm. 
The ulnar lengths of each subject at the start and at the end of the 
study period and the within pair differences are shown in Tables 4 and 
S for the monozygotic and dizygotic twins respectively. The means 
and the standard deviations of the within pair differences of the ulnar 
lengths given in Table 4 and 5 for each twin are shown in Table 6. At 
the start as well as at the end of the study period the mean within pair 
difference of the monozygotic twin group was statistically smaller than 
in the group of dizygotic twins. (Student's Mest, ρ < 0.005 at the start 
and at the end.) In Figure 1 the three week growth rate diagrams of 
the two triplets are given. Two members of each triplet were mono­
zygotic. The within family concordance of the three week ulnar growth 
rates of the monozygotic as well as of the dizygotic twins is noteworthy. 
In Figure 2 two three week growth rate diagrams of monozygotic twins 
are shown. The decrease in the growth rates of pair number 2 might 
indicate the final phase of ulnar growth. In Figure 3 a three week 
TABLE 4 
ULNAR LLNGTHS AND WITHIN PAIR DIFITRENCLS OF UI NAR LENGTHS IN MONOZYGOTIC 
T W N S , AT THE START AND AT THE END or THE STUDY PERIOD 
Subject 
l a 
l b 
2a 
2b 
3a 
3b 
4a 
4b 
5a 
5b 
6a 
6b 
7a 
7b 
8a 
8b 
9a 
9b 
Ulnar length 
a t the s tar t 
in m m . 
218.91 
218.57 
245 08 
241.81 
193.00 
189.06 
168.98 
169 36 
214 13 
212 95 
284 50 
283.36 
179 36 
181.38 
198 01 
198.05 
176.07 
175.43 
Within paii 
diffcicncc 
¡n m m 
0 34 
3.27 
3.94 
0 38 
1.18 
1.14 
2 02 
0 04 
0 64 
Ulnar length 
a t the end 
in mm. 
238 32 
236 81 
254.75 
257.02 
205.75 
202.31 
181.27 
181.86 
223 47 
224.31 
286.67 
285.99 
190 9? 
194.01 
212.55 
213.36 
192.26 
190.54 
Within pair 
difference 
in m m 
151 
2 27 
3.44 
0.59 
0.84 
0.68 
3 08 
0 81 
172 
The subject number indicates a twin pair. 
The letters a and b indicate the members of a twin pair. 
The subjects 7a, 7b, 8a and 8b arc members of triplets. 
FIGURE 1 
Three week growth rate diagrams of two triplets 
On the χ axis the periods of 21 days are shown, on the y axis the consecutive changes 
of the ulnar iengths are shown. The horizontal crossing little lines represent the limits of 
statistical confidence ( p < 0 . 0 1 ) . 
FIGURE 2 
Three week ulnar growth rate diagrams of two monozygotic twin pairs 
On the χ axis the periods of 21 days are shown, on the y axis the consecutive changes 
of the ulnar lengths are shown. The horizontal crossing little lines represent the limits of 
statistical confidence ( p < 0 . 0 1 ) . 
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TABLE S 
ULNAR LENGTHS AND WITHIN PAIR DIFFERENCES OF ULNAR LENGTHS IN DIZYGOTIC 
TWINS, AT THE START AND AT THE END OF THE STUDY PERIOD 
Subject 
10a 
10b 
11a 
l i b 
12a 
12b 
13a 
13b 
14a 
14b 
ISa 
ISb 
7a 
7c 
7c 
7b 
8a 
8c 
8b 
8c 
Ulnar length 
at the s t a r t 
in m m 
235 00 
244 20 
192 78 
203 12 
204 16 
208 54 
198 01 
19150 
173 34 
178 55 
204 03 
22037 
179 36 
192 16 
192 16 
18138 
198 01 
197 62 
198 05 
197 62 
Within pair 
difference 
in m m 
9 20 
10 34 
4 38 
6 5 1 
5 2 1 
16 34 
12 80 
10 78 
0 39 
0 43 
U l n a r length 
at the end 
in m m 
252 44 
260 28 
207 65 
218 33 
212 78 
216 86 
212 77 
203 78 
18122 
188 33 
214 82 
228 91 
190 93 
204 55 
204 55 
194 01 
212 55 
21137 
213 36 
21137 
Within pair 
difference 
m m m 
7 84 
10 68 
4 08 
8 99 
711 
14 09 
13 62 
10 54 
1 18 
199 
The subject number indicates a twin pair 
The letters a, b and с indicate the members of a twin pair 
The subjects 7a, 7b, 7c, 8a, 8b and Se are members of triplets 
TABLE 6 
MEANS AND STANDARD DEVIATIONS OF THE WITHIN PAIR DIFFERENCES OF THE 
ULNAR LENGTHS AT THE START AND AT THE END OF THE STUDY PERIOD 
Monozygotic twin group 
Within pair difference 
of the ulnar length 
Dizygotic twin group 
Within pair difference 
of the ulnar length 
At the start of 
the study period 
At the end of 
the study period 
mean 
1 44 mm 
1 66 mm 
standard 
deviation 
1 40 mm 
1 10 mm 
mean 
7 64 mm 
8 01mm 
standard 
deviation 
5 22 mm 
4 50 mm 
growth rate diagram of an eight and a half years old female dizygotic 
twin pair and of a six and a half years old brother of the twin is shown 
to illustrate the within pair and within family difference of three week 
growth rate In Figure 4 the ulnar growth of all the subjects studied are 
changes w i t h i n 
21 d a y s 
( m m ) pair № 13 
1.2i 
0 8 
0 4 
0 0 
-0.4 
J 
ii 
d i z y g o t i c Ç 
Ξ / age 8 / ^ y e a r s 
D b r o t h e r , age б /г years 
>nd i t h ; t h i t h IO t l i . t h 14 t h lb th 18 t l i 20 th 22 t h 
p e r i o d o f 2 I d a y s 
FIGURE 3 
Three week growth rate diagram of a dizygotic twin pair and a brother of the twin pair 
On the χ axis the periods of 21 days are shown, on the у axis the consecutive changes of the ulnar lengths are shown. The horizontal crossing little 
lines represent the limits of statistical confidence ( p < 0 . 0 1 ) . 
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shown graphically. Except in pair number 6 the growth in each pair 
and in the whole group is remarkably similar in linearity and velocity. 
The apparent absence of seasonal influences will be discussed in a sepa­
rate article on this subject. 
DISCUSSION 
Except for the errors of measurement—which have the same influ­
ence on the results of both twin groups—the monozygotic within pair 
variance of growth is entirely due to environmental influences, and the 
dizygotic within pair variance is due to hereditary differences as well 
as to environmental influences. Statistically significant differences of 
the variances of both groups indicate that heredity and environment 
produced greater differences in dizygotic twins than environmental in­
fluences alone did in monozygotic twins. With this in mind the vari­
ances of both twin groups were compared. Contrary to expectation the 
variances of the within pair differences of the three week ulnar growth 
rates appeared to be statistically not discernible. In addition both twin 
groups did not differ in ulnar growth during the whole study period. 
These results lead to the conclusion that in the growth process itself 
environmental growth factors dominate over genetic information, at 
least in the group studied. Since the concordance of the ulnar lengths 
themselves differs statistically between the monozygotic and dizygotic 
twin groups one might conclude that the greater likeness of the ulnar 
lengths in monozygotic twins developed during the lifetime before the 
age of that of our study subjects. Vandenberg and Falkner (1965) 
studying twins in the age group from 0 to 6 years, concluded that 
hereditary influences are of 'paramount importance' only in the period 
of decelerating growth rate and of moderate importance in the period 
of linear growth thereafter. In this study the variances of the within 
pair differences of ulnar growth in monozygotic and dizygotic twins 
were statistically not different. From this observation it is concluded 
FIGURE 4 
Graph of the ulnar growth of thirtj-four children 
On the χ axis the penods of 21 dajs are shown, on the y axis the ulnai Kiowth is shown. 
The numbers indicate the twin pair or tripltt The letters indicate the membcis of a twin 
pair or triplet 
+
 = λ si\ and a half years old brother of the twin pair numbei 11 
** = λ ciutil \earc old sister of the twin pair number 4 
For the sake of clearness the ulnar length of each subject is put at zero at the beginmns 
of each graph. 
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FIGURE A 
The Fixing Apparatus 
1 Plane to support the forearm at 75° with the honzontal 
2 Hand-support sliding along the longitudinal axis ol the plane 
λ Adjustable edge to prevent lateral movements of the hand 
4 Edge ior the same purpose as (3), movable along the longitudinal a\is 
5 Wrist support, movable along the longitudinal axis, to prevent medial displacement 
of the wrist 
6 Clamp which can be moved up and down on the wrist suppoit to prevent vertical 
movement of the wrist 
7 Raised corner supporting the elbow 
8 Back edge of elbow support, against which the elbow is pressed 
9 Support to keep the upper arm at a constant angle 
10 Scale for the reproducible determination of the positions of (2) and (5) 
11 Scale for the reproducible determination of the position of (6) 
12 A card on which a needle print may be registered and which is renewed for each 
measurement 

304 "ULNAR GROWTH IN T W I N S " 
TOP VIEW 
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FIGURE В 
The Condylograph 
1. Cylinder. 
2. Awl. 
3. Spring for use with the awl. 
4. Spring to control the pressure of the cylinder on the object measured. 
5. Scale to control the pressure mentioned under (4). 
6. Block. 
7. Sliding surface. 
S. An indicator for scale mentioned under (5). 
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FIGURE С 
The essentials of the ulnar length measurement 
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that in the period of linear growth in the ages from 6 to about 13 years 
hereditary influences are no longer discernible. Therefore it is con­
cluded finally that a search into environmental influences on the growth 
process in the older child age before puberty is mandatory. 
Simplification oj the Technique for Measuring the Ulnar Length with 
the Condylograph. 
A new method of ulnar length measurement has been described. 
(Valk. 1971) This method uses a "fixing apparatus" which immobilizes 
the forearm in a precisely reproducible manner, and the "condylo­
graph" for carrying out the measurements. For convenience the essen-
n e ^ LJ e 
p o r i t 
p o i n t u t r e f e r e n e t ? 
anni ли. ic»tor 
m e s u r e point-
i 
point oF l e f e r e n c e 
FIGURE D 
The replacement of the card by a measuring block 
1 (left) A card on which a needle print may be icgistered and which is renewed for 
each measurement 
1 (right) Measuring block 
2 Distance between the measure point and the point of reference 
The annunciator consists of 100 lamps (4 S volt) 
The lamps are numbered from 1 to 100 
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tials of the measurement, the fixing apparatus and the condylograph 
are shown in Figures А, В and C. The simplification concerns the way 
in which a result of a measurement is readed out. In the first descrip­
tion of the method the results of the determination of the measure 
point were readed out by measuring the distance between a prick on 
a card and the point of reference. The prick on the card is made by de­
pressing the awl of the condylograph when the measure point is 
reached. (Valk 1971) 
Figure D illustrates how the measure point is located on the card. 
FIGURE E 
The measuring block can be placed at any desired location 
1 Recess in the plane of the fixing apparatus to make room for the measuring block. 
2 Bore for the dowels of the measuring block. 
3 Measuring block. 
4 Dowel. 
5 Numbers of the bores. 
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FIGURE F 
The essentials of working of the measuring block 
With the aid of the millimeter scale on the edge of the plane (see also 
10 in Figure A) the distance between the location of the measure 
point and the point of reference can be measured. Figure D illustrates 
also the replacement oí the card by a "measuring block." As shown in 
Figure E, the "measuring block" can be placed at any desired location 
in order to adapt the place of the block to the length of the underarm 
measured, since the measuring range of the block itself is limited. 
(1.8 cm) The essentials of working of the measuring block is illus-
trated in Figure F. The measuring block consists of hundred 0.1 mm 
thick insulated metal plates (insulation 0.08 mm thick). Each plate 
is connected with its own lamp (4.5 volt). These plates are compressed 
in a metal frame, and the side that will be used is carefully and burr-
lessly grinded (lapped! ). The advantages of this new reading out tech-
nique are substantial saving of time and precluding of reading out 
errors. Thanks are due to Ir. J. van Oeveren, (technical consultant 
of the Medical Faculty, Nijmegen) who developed the idea of this 
new reading out technique. 
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To study the giowth pattern around the age of puberty the length of the right 
ulna ot sixt>-nine male pupils of a technical school was measuicd every three 
weeks during a period of about thirty months The method ol measurements has 
been described earlier (Valk, 1971, 1972) The standard deviation of the error of 
measurement was 0 21 mm 
\\. the start of the study the mean age of the group was 1? 1 ± S D 08 years, 
and the mean ulnar length was 243 S ± S D 116 mm, and at the end 275 3 ± 
SD 8 9 mm The mean total ulnar giowth amounted to 31 8 ± S D 5 0 mm 
The mean three-week ulnar growth rate (TUG rate) during the whole study 
period was 0 73 ± S D 0 12 mm Three subgroups could be discerned (1) 
twenty five boys with accelerating growth rate, (2) twelve bovs with an accel-
erating-decelerating growth rate, and (3) twenty seven boys with a decelerating 
growth rate From the growth patterns it could be calculated that the "near 
maximal" pubertal TUG rate amounted to 0 9 mm A prepubertal TUG rate 
of 0 6 mm can be derived from earlier studies (\alk, 1971, 1972) 
The correlation coefficient between the growth ol the ulna and that ol the body 
height has been calculated Around the age ol puberty ulnar growth represents 
growth in body height The stage ot sexual development of twenlv fue boys of the 
group studied was eximmed according to Tanner's scoring technique (Tanner, 
1962) Five subgroups could be discerned, charactcnzed bv Tinner's scores 2-3, 
3-4, 4-4, 4-5 and 5-5 respectively In the groups with Tanners scores 2-3 and 'i-4 
the accelerating TUG rate was piedominating, whereas in the subgroups with Tan-
ners scores 4-5 and 5-5 the decelerating growth pattern was significantly more 
frequent The results in this study indicate that aiound the age ot puberty the 
TUG rate measurement as used in this study, might be uselul as a parameter for 
the detection of a bov's biological development 
INDEX TERMS ulnar growth, boys, puberty 
The acceleration of growth during the phase of sexual development 
is of practical and scientific interest and has been explored by many 
investigators using classical methods of growth measurement. Re-
cently a method has been developed to determine short-term growth 
by measuring changes in ulnar length (Valk, 1971, 1972). It was 
thought worthwhile to use this method to study growth around the 
age of puberty. The expected growth pattern (Figure 1) is composed 
of a phase of acceleration of growth rate at the start of puberty fol-
lowed by a near peak growth rate and finally a phase of deceleration of 
growth rate (Figure 1). In this study data of growth in individual 
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boys around the age of puberty have been analyzed with the aim to 
detect these differing growth phases in order to enable correlating 
skeletal growth with other phenomena of pubertal development. 
MATERIALS AND METHODS 
The length of the right ulna of seventy-six male pupils at a technical 
school were measured every three weeks, where possible. Each ulnar 
length determination comprised six successive measurements (Valk, 
1971). If one of the six results of the successive measurements 
seemed to be unreliable, it was tested using Dixon's test for outliers 
(Dixon and Massey, 1969). If the suspected result differed signifi-
cantly from the other values of the series (a = 0.10), it was substi-
tuted by the result of a new measurement. The mean age at the start of 
the study was 13.1 ± 0.8, ranging from 12 to 15 years. The smallest 
boys of six (first) classes were chosen in order to sample as many 
prepubertal boys as possible. At the start of the study seventy-nine 
individuals were involved. The measurements on three of them were 
stopped since the error in their measurements appeared to be too large 
to give reliable results. Since seven boys left the school during the 
study period, the results of this study concern sixty-nine subjects. The 
G r o w t h ve loc i t y 1 
; P u b e r t a l g r o w t h 
¡ п -амтаі 
Prete p u b e r t a l 
g r o w t h 
FIG 1 
Growth rate pattern in boys around puberty 
·- Tune 
I. M. VALK 439 
study was started in October 1970 and will be continued until May 
1974. The results of this paper refer to the study period October 1970 
to May 1973, i.e., forty-five time intervals of three weeks. The mean 
number of growth determinations was twenty-eight per individual, be-
cause during holidays or for other reasons a number of measurements 
could not be made. All measurements were made by the same observer 
without knowledge of the previous results. The three-week ulnar 
growth rate (TUG rate) was calculated by subtracting the ulnar 
length at the beginning of a three-week period from the length of the 
ulna at the end of that three-week period. In case the time interval 
between two successive ulnar length determinations was longer than 
twenty-one days, the TUG rate was calculated using linear interpola-
tion. 
Three growth patterns (Figures 2, 3 and 4) has been classified ac-
cording to the following procedure. 
1. The mean TUG rate during the whole study period was calcu-
lated. 
2. The individual TUG rates of each subject were smoothed: the 
moving averages of three successive TUG rates were calculated 
combining the TUG rates of the periods (1, 2, 3); (2, 3, 4); 
(3, 4, 5); etc. 
3. The whole study period was divided into two equal parts and in 
each part the number of smoothed TUG rates exceeding the 
mean TUG rate of the whole study period was calculated. 
4. If the major part (at least 60%) of all the smoothed TUG rates 
were exceeding the mean TUG rate of the whole study period in 
the second half of the study period, growth was defined as 
accelerating, and if at least 60% were exceeding in the first 
half of the study period, growth was defined as decelerating. 
Evidently, growth at the end of puberty will ultimately lead to 
a complete growth arrest. Therefore, in order to avoid incorrect 
deductions from calculations, decelerating growth periods with 
a mean TUG rate lower than 0.4 mm were excluded from the 
analyses. 
5. In case of accelerating growth, the growth in the first half of 
the study period was designated as pre-accelerating and in the 
second half as accelerated. Accordingly in the case of decelerai-
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FIG. 2 
Accelerating ulnar growth pattern. 
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FIG. 3 
Decelerating ulnar growth pattern. 
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FIG. 4 
Accelerating-decelerating ulnar growth pattern. 
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ing growth, growth in the first half of the study period was desig-
nated as prc-decelcrating and in the second half as decelerated. 
6. The mean TUG rate was calculated for each of the two halves of 
the whole study period. According to the definition given under 
four, the growth pattern of the first half period was designated 
as accelerating, if at least 60% of the surpassings occurred in 
the second quarter of the whole study period. If at least 60% 
of the surpassings in the second half of the whole study period 
occurred in the third quarter, the growth of that half was desig-
nated as decelerating. Therefore the growth patterns of the whole 
study period in these cases was designated as accelerating-de-
celerating. 
7. If the growth patterns were neither accelerating, decelerating 
nor accelerating-decelerating, the growth pattern was defined 
as indeterminate (Figure 5, subject 59). 
It is stressed that the smoothed TUG rates were exclusively used for 
this classification procedure. All other calculations were performed 
using the individual TUG rates. The mean TUG rates of the defined 
growth pattern were calculated separately. The differences between 
means were tested with analysis of variance and Student's t-test 
(Dixon and Massey, 1965), unless otherwise stated. In June 1972 
the sexual development of twenty-five boys of the group was determined 
using Tanner's stage scoring technique (Tanner, 1962). The mean 
TUG rates of the individual boys were compared with their respective 
Tanner's stage scores. 
From November 1971 till May 1972 the height of each subject was 
measured every three weeks in order to study the relation between 
the ulnar growth and the growth in body height. Height was assessed 
by measuring the distance between the floor and the lower edge of a 
wooden measuring block, that was gently placed on the head of the 
subject measured, who was standing maximally inspired against a 
wall. These height measurements were made by one and the same 
observer. The growth in body height was calculated by subtracting the 
body height at the beginning of a three-week period, from the body 
height at the end of that same period. 
It was thought reasonable to assume that the growth of ulnar length 
and that of body height are tightly correlated. The coefficient of corre-
lation between these parameters was expected to be low in case of 
correlating data of growth obtained in a short time interval and high 
0.0-
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Indeterminate ulnar growth pattern. 
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when comparing data obtained over a longer period of growth. Indeed, 
the errors of both ulnar length and body height measurements would 
interfere with the measuring result the more, the smaller the time 
interval and the less, the longer the period of growth observation. 
Therefore, the correlation coefficient between the growth in body 
height and the ulnar growth was calculated for different time intervals, 
varying from three to twenty-four weeks. 
STATISTICAL ANALYSIS 
The intra-individual variation of the TUG rates was calculated and 
analyzed. Four sources of intra-individual variation of TUG rates 
have to be discerned: (1) the error of measurements (Se), (2) the 
long-term growth changes, (3) the short-term growth changes (Sg), 
(4) the transitional changes in ulnar length (St). It was tried to 
analyze the strength of each of these components. Assuming that the 
difference between two successively measured TUG rates (the time 
interval of these two study periods being six weeks) could hardly be 
influenced by the long-term growth pattern, the standard deviation of 
this difference (S) expectedly would be caused by the other sources of 
variation, the error of measurement (So), the short-term growth 
change (Se) and the transitional changes in ulnar length (St). The stan-
dard deviation, S, was calculated by pooling the identically calculated 
standard deviations found in twenty-five boys of the group studied. 
In order to estimate which part of the standard deviation of the intra-
individual variation has to be ascribed to transitional changes, these 
have been approximated by measurement of ulnar length changes in 
fully grown adults. Seventy-two ulnar length determinations—each 
comprising of six successive ulnar length measurements—were per-
formed in six adult males. The measurements were made three times a 
day over a period of twelve days. Using the standard deviation of these 
transitional changes in adults, the standard deviation of the intra-
individual variation in the successive TUG rates of the pubertal boys 
was analyzed with the aim of discriminating the standard deviation of 
the changes of TUG rates that can be ascribed to changes in growth 
rate and the standard deviation that had to be ascribed to transitional 
changes. 
The extent of the variation of the differences between two successive 
TUG rates can be calculated by the formula: 
446 ULNAR GROWTH IN PUBERTAL BOYS 
2n 
in which d, = the difference between two successive TUG rates and 
η = the number of differences. Assuming that transitional changes and 
short term growth change would not occur, the calculated S2 evidently 
will be determined merely by the error of the measurements of ulnar 
length. Therefore the extent of this variation equals: 
Sd2 = 6 X Se2 
in which Se2 = the variance of the error of the ulnar length determina­
tion and was calculated as the pooled standard deviation of all the 
ulnar length determinations. It is remembered that each ulnar length 
determination comprised six measurements. This equation is based on 
the complex character of this variation, which is derived from three 
successive ulnar length measurements. Indeed the difference between 
two successive TUG rates can be written as: 
( Ь - Ь ) - ( I 2 - I 1 ) 
in which h, I2 and Ь represent the result of each of three successive 
ulnar length determinations. Alternatively, if transitional changes 
and short term growth changes indeed occur the extent of the variation 
in TUG rates caused by these two factors is given by: 
S2 - Sa2 
which was set equal to the sum of the influences in the TUG rate 
variation due to each of the two factors just mentioned: 
S2 - Sd2 = St2 + Sg
2 
The variance of the transitional changes (St2) was determined in fully 
grown adults, and calculated by pooling over the adults, the variance 
component "between moments of measurements" in a one-way analysis 
of variance. Finally, then the variation due to short term growth (Sg) 
could be calculated by: 
Sg = VS
2
 - Sd2 - St2 
In this way the three sources of the intra-individual variation in TUG 
rates could be compared by calculating Sd2, St2 and Sg2. 
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RESULTS 
As mentioned above the intra-individual variation of TUG rates 
(S) was influenced by (i), the error of the ulnar length measurement 
and its influence on the difference between successive TUG rates (Su), 
by (ii), transitional changes of ulnar length interfering with the growth 
process (St) and by (Hi), the changes in the TUG rates due to short 
term growth itself (Sg). The values of Sa, St and Sp are given in 
Table 1. In addition this table shows the corresponding values for 
body height. The table shows that the intra-individual variation of 
TUG rates is more or less equally caused by each of the sources of 
variation. The error of measurement is an important factor in the 
variation of TUG rates. 
The mean ulnar length at the start of the study was 243.S mm with 
a standard deviation ± 11.6 mm and in May 1973, 275.3 ± 8.9 mm. 
The mean total ulnar growth of the whole group amounted to 31.8 ± 
S.O mm. The mean of the mean TUG rates during the whole study 
period was 0.7 ± 0.1 mm. Five per cent of all the ulnar length changes 
measured (2100) were negative, i.e., ulnar length appeared to be 
shorter than three weeks before. In order to give an idea of the registra­
tion method that was used for all individuals the total output with table 
and diagrams of one subject's ulnar growth is given in Table 2 and 
Figure 3, subject 73. The computer programs (Fortran) are available 
on request. Table 3 shows the mean value of the student's age, their 
ulnar length at the start of the study and the duration of the study 
TABLE ι 
T H E STANDARD DEVIATIONS CHARACTERIZING THE INTRAINDIVIDUAL 
VARIATION OP TUG RATES 
Ulna 
S = 041 mm 
Sd = 0 22 mm 
SB = 0 23 mm 
S t = 0 26 mm 
Body height 
S = 4 7 mm 
S(1 = 3 0 mm 
SK = ? mm 
S t = 6.0 mm 
(S) influenced by (i), the influence of the error of measurement on the difference 
between successive TUG rates (S,,), by (ii), transitional changes of ulnar length inter­
fering with the growth process ( S ^ and by (iii), the changes in the TUG rates due to 
the growth process itself (S ). Note that the standard deviation S t has been calculated 
from measurements of ulnar length and body height in adults 
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T A B L E 2 
C O M P U T E R O U T P U T o r T H I R T Y - O N E U I VAR L E N G T H DÉTERMINATIONS ON A 
T I I I R T E E N - Y L A R - O L D B O Y 
Subject 73 Date of birth 20-5-1957 Age s tar t s tudy П 5 years 
Three-
D a t e of 
Measure­
m e n t 
14-10-1970 
4-11-1970 
25-11-1970 
16-12-1970 
6- 1-1971 
27- 1-1971 
17- 2-1971 
31- 3-1971 
28- 4-1971 
19- 5-1971 
9- 6-1971 
8- 9-1971 
29- 9-1971 
10 11-1971 
1-12-1971 
12- 1-1972 
2- 2-1972 
21- 2-1972 
15- Í-1972 
10- 5-1972 
3 1 - 5-1972 
29- 6 1972 
5- 9-1972 
10-10-1972 
7-11-1972 
5-12-1972 
19-12-1972 
16- 1-1973 
6- 2-1973 
27- 2 1973 
8- 5-1973 
I n t c n a l 
N o 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Π 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2Ì 
24 
25 
26 
27 
28 
29 
30 
Number 
of Days 
21 
21 
21 
21 
21 
21 
42 
28 
21 
21 
91 
21 
42 
21 
42 
21 
21 
21 
56 
21 
29 
68 
15 
28 
28 
14 
27 
21 
21 
70 
Whole s tud j period 936 days 
Ulnar 
Length 
in mm 
256 8 
257 8 
259 6 
2 6 1 0 
2613 
262 8 
264 3 
266 8 
268 9 
270 5 
272 7 
277 5 
278 4 
280 7 
2 8 1 0 
282 5 
283 4 
284 1 
284 4 
286 0 
286 6 
287 4 
289 4 
289 9 
290 5 
290 9 
291 1 
2916 
292 3 
292 0 
291 1 
Er ror 
in m m 
0 1 1 
0 08 
0 2 7 
0 2 1 
0 12 
0 2 6 
0 14 
0 15 
0 1 1 
0 12 
0 20 
0 12 
0 11 
0 22 
0 19 
0 18 
0 09 
0 10 
0 09 
0 09 
0 07 
0 11 
0 17 
0 12 
0 2 7 
0 01 
0.18 
0 20 
0 14 
0 2 7 
0 12 
pooled 
error 
0 17 
Growth 
in mm 
1 0 
1 8 
1 4 
0 4 
15 
1 5 
2 4 
2 2 
1 6 
2 2 
4 8 
0 9 
2 3 
0 1 
1 5 
0 9 
0 7 
0 i 
1 6 
0 6 
0 8 
2 0 
0 6 
0 6 
0 4 
0 2 
0 5 
0 7 
— 0 1 
1 1 
tota l 
g rowth 
16 1 
Contrast 
Method 
(Tukey) 
** 
Λ Α 
*.< 
4= 
r* 
** 
А Л 
** 
>.>; 
+ * 
> ' 
•ι·* 
>• J 
M~ 
*> 
*> 
* < 
** 
* Л 
^ χ 
*> 
J. 
ФФ 
A к 
•fx 
Week 
Growth 
Rate 
1 0 
1 8 
1 4 
0 4 
1 5 
1 5 
12 
1 6 
1 6 
2 2 
1 1 
0 9 
1 1 
0 3 
0 7 
0 9 
0 7 
0 3 
0 6 
0 6 
0 6 
0 6 
0 3 
0 4 
0 3 
0 1 
0 4 
0 7 
- 0 3 
0 3 
• ' mean T U G 
rate 0 8 m m 
— = : ρ > 0 10 
* = p < 0 10 
* * = p < 0 0 1 . 
T h e T u k e y contrast method indicates where significant changes in ulnar length, during 
the whole period of study, occurred. 
period, the TUG rates and the total ulnar growth during the study-
period in the three groups of boys designated, according to the growth 
pattern defined above, as boys with accelerating, accelerating-decelerat­
ing or a decelerating growth. The mean values of the variables in 
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these three groups of boys have been evaluated statistically and the 
results of this analysis have been compiled in Table 4. 
The numbers of boys with an accelerating or a decelerating growth 
type are about equal and roughly one and a half as frequent as the 
number of boys in the accelerating-decelerating phase (Table 3). The 
mean age of the group with accelerating growth was about six months 
less than that of the group with decelerating growth This difference 
appeared to be significant (Table 4) The mean age of the group with 
accelerating-decelerating growth was intermediate between that of both 
groups with accelerating and decelerating growth (Table 4). The Ta­
bles 3 and 4 further show that the mean ulnar length in the group with 
accelerating growth at the start of the study was significantly lower 
than that of the groups with decelerating and accelerating-decelerating 
growth. The mean ulnar length at the start of the study in the group 
with accelerating-decelerating growth was in between that of the groups 
with accelerating and decelerating growth. The difference between the 
ulnar length of this intermediate group and that of the group with de­
celerating growth was not significant, however (Table 4). As far as the 
mean TUG rates are concerned in the three groups, it is noteworthy 
that the highest growth rate was found in the accelerating-decelerating 
group. Table 5 shows that this figure differed significantly from the 
TABLE 1 
Т Л Е MEANS ± S D or THE ACF or TITF UINAR L I N C I I I AT TIIE START OF THE STUDY, or 
THE DURATION OF THE STUDY PERIOD, OF i m TUG RATES AND OF THE 
TOTAL ULNAR GKOWTH or Bo\s WITH Acri·LI RATING, 
ACCELERATINC DLCELTRATINC AND D E C F I FRATINO 
U T N A R G R O W T H 
No 
of 
Boys 
25 
12 
27 
Mean Age 
in \ ears 
(D* 
1 2 9 ± 0 6 
(2) 
132 ± 0 7 
(3) 
13 S ± 0 8 
Mean Ulnar 
Length in 
Millimeters 
(4) 
2 3 S 8 ± 
(S) 
244 7 ± 
(6) 
248 3 ± 
87 
76 
10 2 
Duration 
Study 
Period 
m Da} s 
910 ± 2 1 
935 ± 6 S 
937 ± 2 2 
Mean TUG 
Rate in 
Millimetcis 
(7) 
0C9 + O11 
(8) 
0 7 9 ± 0 12 
(9) 
0 71 ± 0 13 
Mean Total 
Growth in 
Millimeters 
(10) 
3 1 0 ± 
( I D 
3 ; i 4 ± 
(12) 
3 1 4 ± 
4 6** 
49 
5 1 '** 
Growth 
Pattern 
accelerating 
accelerating-
decelerating 
decelerating 
* \umbers in parentheses refer to the individual mean values used in the statistical 
analysis presented in Table 4 
* * η = 21 
* * * η = 22 
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T E S T R F S U I T S o r T H E COMPARISONS B E T W E E N T H E M E A N AGL, T H E M E A N ULNAR L E N G T H 
AT T H E START OF THE STUDY, T H E M E A N T U G R A T Í S AND T H E M E A N TOTAL ULNAR 
G R O W T H o r BOYS W I T H ACCELERATING, A C C F I FRATINO DECELERATING AND 
DECELERATING U I N A R G R O W T H 
Growth Classes 
Compared 
Accelerating 
versus 
decelerating 
Accelerating 
versus 
accelerating-
decelerating 
Decelerating 
versus 
accelerating-
decelerating 
Concerning the 
Mean Age 
F = 4 75 
p < 0 0 5 * 
t \ _ i = 3 13, 
ρ < 0005* 
h-2 = 1 4 4 , 
0 10 < ρ < 0 20 
t 2 _ , = 0 99, 
0 30 < ρ < 0 40 
Concerning the 
Mean Ulnar Length 
at the Start 
of the Study 
F = 13 1 
p < 0 0 1 * 
t 4 _ R = 478, 
p < 0 0 0 1 * 
t 4 _- > = 2 82, 
p < 0 0 1 * 
t - . - e ^ i s . 
0 20 < ρ < 0 Ю 
Concerning the 
Mean TUG Rate 
F = 172 
p > 0 10 
t 7 _ 1 , = 0 60, 
0 SO < ρ < 0 60 
t 7 „ = 2 45, 
p < 0 0 2 * 
t
s
_ . , = 174, 
0 0 S < p < 0 1 0 
Concerning the 
Mean Total 
Ulnar Growth 
F = 3 Î9 
p < 0 0 5 * 
t , n _ 1 2 = 040, 
p > 0 5 0 
1 1 0 - 1 1 = 2 58 , 
ρ<0005^· 
4 , - 1 2 = 211 . 
ρ < 0005* 
1
 = the index numbers refer to the mean values indicated by a number in parentheses 
in Table 3 
F = analysis of \ariance 
t = Student test 
* = significant 
mean TUG rate in the accelerating growth group, whereas the difference 
between the TUG rates of the accelerating-decelerating and decelerating 
growth classes lacked convincing significance. Taking into account the 
slight differences between the durations of the individual study periods 
of the three groups by extrapolation of each individual study period to 
the mean duration of all the individual studies (a mean period of 934 
days), the mean total ulnar growth in the accelerating-decelerating 
group was significantly greater than either in the accelerating or in the 
decelerating growth group. 
Three boys with decelerating growth were excluded from this analy­
sis since their mean TUG rates were lower than 0.4 mm (vide supra) 
(Figure 6). Two boys of the total group studied had indeterminate 
growth patterns (vide supra) (Figure 5). 
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FIG. б 
Standard device for measuring height. 
In Table S the mean TUG rates of the four successive quarters of 
each individual growth study have been tabulated for the three growth 
groups, accelerating, accelerating-decelerating and decelerating, sepa­
rately. 
As could be surmised from the definition of the separate growth 
groups, the mean TUG rate in the accelerating growth phase was indeed 
increasing and in the decelerating phase decreasing. The accelerating-
M E A N T U G R A T E S 
B O Y S A R O U N D 
N u m b e r 
25 
12 
27 
AND STANDARD DEVIATIONS 
T A B L E 5 
o r F O U R SUCCESSIVE Q' 
T H E AGE o r P U B E R T Y AND T H E M E A N AGE AT T H E 
OF S U B J E C T S W I T H AN 
1st quarter 
m e a n in 
m m 
0 5 1 
0 66 
0 98 
S D . in 
m m 
0 09 
0 12 
0 15 
ACCELERATING, 
UARTERS OF E A C H INDJ .v DUAL G R O W T H S T U D Y o r SLXTY FOUR 
T I M E W I T H T H L H I G H E S T Μ Γ Α Ν T U G R A T E , I N 
AN ACCELERATING-DECELERATING AND A D É C E L E R \ T I N G 
2nd quar ter 
mean in 
m m 
0 5 7 
0 94 
0 86 
S D in 
m m 
0 14 
0 18 
0 19 
3rd quar ter 
mean in 
m m 
0 80 
0 99 
0 68 
S D in 
m m 
0 19 
0 16 
0 18 
4th quar ter 
mean in 
mm 
0 89 
0 62 
0 4 1 
S D in 
mm 
0 1 1 
0 12 
0 18 
G R O U P S 
ULNAR G R O W T H R A T E 
Mean Age in 
Years a t the 
• Time with the 
ι Highest M e a n 
T U G Rate 
15 1 
14 5 
13 8 
G r o w t h 
Classes 
accelerating 
accelerating-
decelerating 
decelerating 
> 
и 
о 
о 
55 
Η 
U) 
% 
ч 
S 
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decelerating growth pattern is characterized by an increase in the first 
half and a quantitatively similar decrease in the second half. Table S 
shows that the highest growth rates were found in the third and fourth 
quarter of the accelerating growth group, the second and third quarter 
of the accelerating-decelerating group and the first and second quarter 
of the decelerating growth group. 
According to the classification procedure as used in this study the 
accelerating growth was subdivided into a pre-accelerating and an 
accelerated growth, and the decelerating growth pattern into a pre­
decelerati ng and a decelerated growth. Table 6 illustrates as could be 
expected from the classification procedure that the mean TUG rate 
in the pre-accelerating phase is about equal to that in the decelerated 
phase and the mean TUG rate of the accelerated phase approximates to 
that found in the pre-decelerating phase. 
In order to detect the correlation between a pubertal boy's growth 
pattern and his sexual development, the TUG rates of boys with a 
sexual development of Tanner's stage score combinations 2-3, 3-4, 4-4, 
4-5 and 5-5 are collected in Table 7. The mean TUG rates tabulated 
have been calculated from the ulnar growth during a twelve-week 
period before and a twelve-week period after the date of scoring the 
boy's sexual development. 
The relatively small number of boys in each individual Tanner's 
stage score precludes a thorough analysis of the relation between 
growth and sexual development. However, it is of interest to note that 
using Kruskal and Wallis' test the differences between the individual 
combinations of Tanner's stage scores, simultaneously tested, dis­
closed statistical significance (p < 0.001). Moreover, the difference 
TABLE 6 
MFAM TUG R m s л\и STANDARD DLVIATIO\S IN FIFTY-TWO BO\S AROUND THE AGE OF 
PUBERTY GROurrn ічто SUBJECTS WITH AN ACCELERATING AND A DECELERATING 
ULX\R GROWTH RATE. T H E WHOLE STUDY PERIOD or Two AND Л HALI- YEARS 
Is DIVIDED INTO Two HALVES 
Number 
25 
First Half 
mean in mm. S D. in mm 
prc-accclcrating phase 
054 Oi l 
Second Half 
mean in mm. S.D. in mm. 
accelerated phase 
0.85 0.15 
Growth Class 
accelcratinR 
pre-decelerating phase decelerated phase 
27 0 91 0.18 0.53 0.15 decelerating 
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T H E M E A N T U G R A T Í S ο ι T W E N T Y FIVE P U B E R T A L B O Y S D U K I N G T W E L V E W E E K S BEFORE 
AND T W E L V E W E E K S A F T E R T H E D A T E OF SCORING T H E I R S E X U A L D E V E L O P M E N T 
T a n n e r ' s Stages 
2-3 3-4 4-4 4-5 5-5 
mm m m m m mm m m 
08 06 12 08 09 
05 08 07 08 09 
05 06 10 11 
06 09 08 12 
06 07 09 
07 
1 1 
12 
0 7 
Mean 06 07 10 08 10 
2-3, 3-4, 4-4, 4-5, 5-5 correspond to the values of Tanner ' s stage scores concerning 
the degrees of sexual development 
between the mean TUG rates of the boys in Tanner's stage 2-3 and 5-5 
is striking. Therefore, one may conclude that with advancing sexual 
development of boys their growth velocity increases. In Table 8 the 
mean TUG rates of the first and of the second half of the whole study 
period in the twenty-five pubertal boys whose sexual development was 
scored, have been tabulated. In the table the type of growth pattern 
is shown. 
The ulnar growth pattern is clearly accelerating in the first three 
Tanner's stages, whereas the ulnar growth pattern of most of the 
subjects in the last two stages is decelerating. The data in Table 8 
also illustrate that TUG rates in the various growth classes around the 
age of puberty can increase to as much as 1.1 mm Earlier it was re­
ported from this laboratory that the mean TUG rate of prepubertal 
boys was about 0.6 mm (Valk, 1971). The table illustrates therefore 
that the frequency of occurrence of accelerating growth decreases and 
the frequency of decelerating growth increases with a more advanced 
stage of sexual development. It should be added that, of the whole 
group invited, these boys voluntarily agreed to have their sexual devel­
opment determined and therefore represent the whole group indepen­
dent of the choice of the investigators. 
In order to evaluate the significance of ulnar length growth as an 
indicator of growth in body height, in Table 9 the growth of ulnar 
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M E A N T U G R A T E S D U R \TG T H E F I R S T H A L F AND T H E SECOND H A L F OF T H E W H O L E STUDY PERIOD OF T W E N T Y - F I V E 
PUBERTAL B O Y S , DIVIDED I N G R O U P S ACCORDING TO T A N N E R ' S STACE SCORE OF SEXUAL D E V E L O P M E N T 
Tanner's Stage Score 
First 
Half 
mm 
05 
0.5 
0 5 
05 
06 
Mean 0 5 
2-3 
Second Growth 
Halt 
mm 
1 1 
07 
09 
08 
10 
09 
Pattern 
A 
A 
A 
A 
\ 
Fust 
Half 
mm 
05 
07 
Oí 
08 
06 
3-4 
Second Growth 
Half 
mm 
07 
09 
06 
08 
08 
Pattern 
A 
A 
A 
A D 
Fust 
Half 
mm 
1 1 
06 
09 
4-4 
Second 
Half 
mm 
1.0 
08 
09 
Growth 
Pattern 
A-D 
A 
First 
Half 
mm 
07 
08 
09 
07 
07 
08 
4-5 
Second 
Half 
mm 
07 
10 
06 
08 
04 
07 
Giowth 
Pattern 
A-D 
A-D 
D 
A-D 
D 
Fust 
Half 
mm 
09 
09 
1 1 
10 
06 
09 
07 
10 
1 2 
09 
5-5 
Second 
Half 
mm 
09 
07 
06 
09 
03 
04 
04 
06 
05 
06 
Growth 
Pattern 
D 
D 
D 
A-D 
D 
D 
Π 
D 
D 
A = accelerating growth 
A-D = accelerating-decelerating growth. 
D = decelerating g rowth . 
2-3; 3-4; 4-4; 4-5; 5-5 correspond to the values of T a n n e r ' s stage scores concerning the degrees of sexual development. 
< > 
ri 
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PEARSON CORRELATION C O E F F I C I E N T S B E T W I ^ N G R O W T H I N B O D Y Н Г І С Н Т AND 
G R O W T H I N U L N A R LENC.TH, TOR D I H - E R E N T T I M E I N T E R V \ L S 
D u r a t i o n of the Time 
Internals in Weeks 
ÎMimber ot 
Subjects R Levels of Confidence 
3 
6 
9 
12 
IS 
18 
21 
24 
681 
76= 
662 
60 
60 
45 
55 
43 
1
 Determined on three different t ime intervals 
2
 Determined on two different time intervals 
* — ρ < 0 0 2 i . 
* · ! — p < 0 0 1 
: p < 0 0 0 1 
.27 
34 
53 
.64 
71 
.72 
.82 
83 
А Л * 
* J · * . 
length is related to the growth of body height and represented by the 
Pearson correlation coefficient between these variables calculated for 
different time intervals, ranging from three to twenty-four weeks. 
The table shows a significant correlation between both growth 
parameters. The correlation is less, the shorter the time interval is. In 
Table 10 the ratios of growth in body height and growth in ulnar 
length are compiled for different time intervals, and for each growth 
group separately. 
T A B L E 10 
R A T I O S o r G R O W T H I N BODY H E I G H T AND G R O W T H IN U L N A R L E N G T H , 
I OR D i n i R L N T T I M E INTERVALS 
/ g rowth in body height \ 
Duration of t 
Intervals in 
3 
6 
9 
12 
15 
18 
21 
24 
he Time 
Weeks 
\ growth in 
Accelerating 
3 36 
S 10 
4 47 
5 37 
5 14 
4 43 
5 02 
4 84 
ulnar length J 
Growth Classes 
Accelerating-
Decelerating 
4 Я5 
4 06 
4 09 
Ç 07 
46Î 
4 75 
4 97 
4 97 
Decelerating 
5 69 
4 72 
4 73 
5 51 
5 39 
481 
5 42 
5 30 
I. M. VALK 457 
DISCUSSION 
The development of a method to measure ulnar length with a 
standard deviation of the error of measurement as low as 0.21 mm 
enabled us to follow closely growth around puberty, over periods as 
short as three weeks. In a number of studies the pubertal growth rates 
have been derived from measurements of body height. In most of these 
studies body height was measured repetitively over periods of several 
months. The peak rate measured in a period of six months was about 
40 mm (Watson and Lowrey, 1951, Stuart and Reed, 1959, McCam-
mon, 1970, Van Wieringen, 1972). 
In an earlier study in this laboratory (Valk, 1971) a close correla-
tion between body height and ulnar length was reported in accordance 
with the findings of other investigators (Trotter and Gleser, 1958; 
Guttman and Guttman, 1965; Klein, 1970 and unpublished observa-
tions in this laboratory) who correlated body height with forearm 
length or a representative of this body measure. In the present study a 
similar close correlation was found between the growth in body height 
and the growth in ulnar length in a group of pubertal boys. Evidently, 
this correlation is not unexpected whereas both phenomena are rep-
resentative of the results of the growth process. With increasing time 
intervals between the individual observations, the correlation coeffi-
cient between both parameters rises as high as .83 (Table 8). In ad-
dition, on one and the same day, September 1971, the correlation 
coefficient between ulnar length and body height in this group of boys 
of about the same chronological age was calculated to be .85. There-
fore it is justified to conclude that ulnar length and its growth as 
measured in this study on the average represent body height and its 
growth. Consequently, by measuring ulnar length, the growth during 
the age of puberty can be profiled with time intervals as short as three 
weeks. The mean TUG rate during the whole study period was 0.73 
mm. McCammon reported a radiologically measured mean ulnar 
length of 237.9 mm in thirteen-year-old boys and a length of 271.9 mm 
at fifteen years and six months (McCammon, 1970). From these figures 
a mean TUG rate of 0.78 mm can be calculated. From earlier obser-
vations in this laboratory the mean TUG rate in prepubertal boys was 
found to be 0.60 mm (Valk, 1971). Although the difference between 
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these means appeared highly significant, this difference between TUG 
rates clearly does not represent the expected greater difference between 
prepubertal and pubertal growth rate. In this study a classification 
of growth rate was designed that enabled us to discriminate an accel-
erating, an accelerating-decelerating and a decelerating growth pattern. 
The data in the Tables 3, 5 and 6 illustrate that the mean TUG rate 
during the whole study period, 0.73 mm, is composed of the mean 
TUG rate of the groups of twenty-five boys with accelerating, 0.69 mm, 
that of twelve boys with accelerating-decelerating growth, 0.79 mm and 
of twenty-seven boys in the decelerating phase, 0.71 mm. On further 
analysis of the data (Table 5) the highest mean TUG rates were 
found in the third and fourth quarter of the accelerating growth phase, 
the second and third quarter of the accelerating-decelerating growth 
phases and the first and second quarter of the decelerating growth 
phase. In order to approximate a mean "near maximal" TUG rate 
these velocities which were the highest obtained and which did not 
differ significantly from each other were taken together, i.e., the mean 
TUG rates of the second and third quarter of the accelerating-decelerat-
ing and that of the first quarter of the decelerating growth phase. In 
this way a mean "near maximal" TUG rate of 0.9 mm was calculated. 
It should be realized that this "near maximal" rate is the product of 
cross-sectional interpretation of data obtained in longitudinal growth 
observations and therefore does not represent the exact maximal growth 
rate during puberty. In fact individual TUG rates of 2.0 mm have 
been regularly observed in this laboratory. From the "near maximal" 
TUG rate one might extrapolate an estimate of the three-week pubertal 
growth rate in body height, taking into account that the mean growth 
rate in body height was on the average five times as great as the mean 
TUG rate (Table 9). Therefore, on average the three-week growth rate 
in stature during the pubertal growth spurt amounts to 0.9 times 4.9 = 
4.4 mm. This figure gives a half year stature increment of 38 mm. This 
result is roughly in accordance with the findings of the authors cited 
above and it is worthwhile to mention that Van Wieringen (1972) 
studying large samples of the Dutch population measured a mean near 
maximal half yearly growth in body height of 39 mm in a group of 
boys aged between 14.0 and 14.5 years. From the data of the National 
Health Survey an average half year height increment of about 37 mm 
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(19.4 cm during 2 ^ year spurt) can be calculated for North American 
boys (National Health Survey 1973). 
From the data in Table 5 it can be deduced that the highest mean 
TUG rate in the twenty-five boys whose growth was classified as 
accelerating was found at a mean age of 15.1 years. In the group with 
accelerating-decelerating growth the highest TUG rates found in the 
second and third quarter occurred at a mean age of 14.5 years. In the 
groups with decelerating growth the highest TUG rate in the first quar-
ter of the study period occurred at a mean age of 13.8 years. Therefore 
the group of boys who happened to be in the accelerating growth phase 
reached their "near maximal" growth velocity at a significantly older 
age than the group with the decelerating growth pattern. If pubertal 
growth were a phenomenon closely bound to a boy's chronological age, 
one would have expected that the near maximum velocity in the three 
defined growth patterns would have occurred at a mean age not de-
termined by the growth pattern itself, but by the chronological age. 
This being evidently not the case, leads to the conclusion that chrono-
logical and biological aging are not synchronized and that near maximal 
growth velocity at the age of puberty is less correlated with the chrono-
logical age than with the biological process of aging. In this context it is 
added that the mean ulnar length at the start of the study in the group 
with an accelerating growth type was significantly shorter than the 
corresponding ulnar length in the accelerating-decelerating, and shorter 
than in the group with a decelerating growth pattern. The same con-
clusion holds true for the differences in the mean body height of these 
groups. Therefore it is justified to conclude that growth and its velocity 
as assessed in this study by measuring ulnar length repetitively, rep-
resents biological age around the age of puberty. It is known from 
earlier studies, as discussed by Tanner (1962) and reported by the 
National Health Survey (1973), that the earlier the growth spurt 
occurs during puberty, the more intense it is. The data from this study 
in a limited number of boys in each of the defined growth classes do 
not allow us to draw strong conclusions about the intensity of growth 
acceleration in relation to the growth type, although it is interesting to 
note that the mean TUG rate in the first quarter of the group of boys 
with a decelerating growth pattern indeed is significantly higher than 
that in the fourth quarter of the accelerating growth class (Table 5). 
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It is added that, one should realize that by the classification procedure 
as used in this study individual growth patterns are cross-sectionally 
smoothed by the grouping itself. In fact, the data in this study illustrate 
that growth velocity of ulnar length itself enables one to characterize 
the biological age. Therefore, by analogy with the concept of early and 
late maturers as introduced by Tanner (1962), boys belonging to the 
accelerating growth class are relatively late and those with a decelerat-
ing growth relatively early maturers. 
It is noteworthy that the three growth classes as differentiated in 
this study were detected by measuring three weekly ulnar growth rates. 
Therefore this study illustrates that measuring of this particular 
growth phenomenon enables one to describe a characteristic of puberty. 
This conclusion is supported by the observation that nine of the eleven 
boys with a sexual development according to Tanner's scores 2-3, 3-4 
and 4-4 had an accelerating type of ulnar growth velocity, whereas 
ten of the fourteen boys with Tanner's stage scores 4-4, 4-5 and 5-5 are 
in the same range as the ulnar growth velocity measured in a much 
larger sample of pubertal boys by Maresh (1955) and Mc. Cammon 
(1970). Therefore the conclusion is inevitable that the ulnar growth 
spurt as derived from the data in this study, represents pubertal growth 
development. 
It is reported that growth around the age of puberty is allometric 
by which is meant that the distal parts of the body would grow first in 
the spurt of pubertal growth (Tanner, 1962; Maresh, 1964). From the 
data in Table 10 it was calculated that at least in the studied time in-
tervals ranging from three to twenty-four weeks, the ratio of growth in 
body height and ulnar length did not differ between boys in the ac-
celerating, the accelerating-decelerating and the decelerating growth 
phase, i.e., in the period in which pubertal growth reaches its maximum 
velocity. The data in this study do not allow us to deny the phenome-
non of allometric growth. However, they clearly show that this phe-
nomenon during the time of maximal pubertal growth is not discernible 
and therefore, allometric growth does not preclude study of a boy's 
pubertal growth velocity around puberty by ulnar growth measure-
ment. 
From the practical point of view it would be interesting to know if 
measuring growth by the described method would be of value in deter-
mining a boy's growth velocity more accurately and over a shorter 
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time interval in comparison with more classical procedures as measur-
ing growth in body height. In this study the standard deviation of the 
error of measurement appeared to be 0.21 mm and the standard error 
of the mean ulnar length, as determined by six successive measure-
ments, 0.09 mm. These findings are in accordance with the standard 
deviation of the error of measurement in earlier studies (Valk, 1971, 
1972). 
The standard deviation of the error of measurement measuring body 
height by the technique used in this study was 3 mm. This figure 
is in accordance with the findings reported by the National Health 
Survey (1973), but not with the findings reported by Lewin and 
Jürgens, who calculated a standard deviation of 5 mm (Lewin and 
Jürgens, 1969). Since each determination of growth comprises two 
length measurements, either of body height or of ulnar length as in 
this study, the variance of the error in the difference of two length 
measurements has to be calculated. With this in mind one can simply 
calculate the extent of the change in ulnar length and that in body 
height which is statistically significant at a significance level equal to 
0.05. With regard to the ulnar lengths the change has to be greater than 
1.96 X 0.09 X V2 = 0.25 mm and concerning the body height 1.96 X 
1.2 X \/2 = 3.3 mm. For legal comparison of data, the measurements 
had to be analogous and therefore body height was assumed to have 
been determined by six successive measurements as ulnar length was 
measured. From the data in this study it was calculated that growth in 
body height is roughly five times greater than the growth in ulnar 
length (Table 10). 
From these considerations one can derive that in order to detect 
a TUG rate of 0.6 mm (the mean rate of growth in prepubertal boys, 
0.25 Valk 1971), needs a period of at least —:— X 3 weeks =1 .25 weeks 
0.6 
and to detect a three week growth rate in body height of 5 X 0.6 mm = 
3.3 3 mm, one needs a period of at least •—— X 3 = 3.3 weeks. In the same 
3 
way it can be deduced that to detect a TUG rate amounting to 0.9 mm 
(the near peak rate of growth in pubertal boys), one needs at least 
0.8 weeks, whereas a three week growth rate in body height of 5 X 
0.9 = 4.5 mm can be detected in a time interval of at least 3 weeks. 
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Therefore the efficiency of the technique (expressed in time intervals 
between two successive determinations) in detecting growth by measur-
ing ulnar length is about three times as high as measuring body height. 
However, the validity of this approximation of the sensitivity of the 
measurements is limited by the so-called transitional changes, which 
were detected and which have to be discerned from the short term 
changes in ulnar length due to growth. It was found that the resulting 
overall standard deviation of the intra-individual variation in TUG 
rates amounted to 0.41 mm, whereas the variation of three week growth 
in body height amounted to 4.7 mm (Table 1). Both standard devia-
tions include error of determination, transitional changes, and short-
term changes in growth velocity. The exact standard deviation of the 
transitional change in ulnar length and in body height in the group 
studied is unknown. These standard deviations have been approxi-
mately estimated by measuring the ulnar length and the body height 
of adults repetitively and appeared to be 0.23 mm and 6.0 mm, re-
spectively. Since the standard deviation of the transitional changes in 
body height, as measured in adults (6 mm) was greater than the over-
all standard deviation of the intra-individual variation in three week 
body height growth (4.7 mm), whereas the standard deviation of the 
transitional changes of the ulnar length (0.26 mm) was less than the 
overall standard deviation of the intra-individual variation in TUG 
rates (0.41 mm), a further comparison of the value of both parameters 
would not be justifiable. It can be added, however, that the overall 
standard deviation of the body height, as found in twenty-three male 
adults, measured repetitively, is in rough accordance with the findings 
described by Lewin (10 mm), (Lewin, 1969). Therefore it is surprising 
that the overall standard deviation of the intra-individual variation of 
the three week growth in body height as found in the groups of growing 
boys around the age of puberty, was only 4.7 mm. Since this variation 
includes the influence of the error of measurement, the transitional 
changes and the short term changes in growth, it was expected that this 
variation might be greater or at least equal to the overall standard 
deviation resulting from the paired observations, which for this pur-
pose were carried out in adults. The low intra-individual variation of 
the three-week growth in body height suggests that the transitional 
changes in body height of growing boys are quantitatively less than in 
adults. The explanation for this phenomenon needs to be studied more 
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thoroughly. As a final comment on these considerations it is suggested 
that the calculated period of time necessary (0 8 weeks) to detect a 
boy's pubertal growth by measuring ulnar length is in accordance with 
unpublished data obtained in this laboratory from everyday experience 
with observations both in normally growing pubertal boys as well as in 
a broad sample of pathological growth phenomena around the age of 
puberty. 
ACKNOWLEDGMENTS 
Thanks are due to Dr W H Doesburg for his advice in statistical 
problems, and to Mr. W. A. J. G Lemmens who wrote the computer 
programs. (Statistical department, Faculty of Sciences, Catholic Uni­
versity, Nijmegen.) 
Thanks are due to Dr. P. W. С Kloppenborg and Dr. A G H 
Smals, Division of Endocrinology, Department of Medicine, St Rad­
boud Hospital, Catholic University, Nijmegen, who performed the de­
terminations of the stage of sexual development. 
LITERATURE C I T E D 
D I X O N , WTLFRID J , & M A S S E Y , F R A N K J , J R 1965 I n t r o d u c t i o n to statistical anal>sis 
McGraw-Hi l l Book Company, N e w York 
G U T T M A N , К и т п , & G U T T M A N , L O U I S 1965 \ new approach to the analvsis of growth 
pat terns The simplex s tructure o í intercorrelations of measurements Growth 29, 
219-232 
K L U N , К 1970 Faktorenanalyt ischc Untersuchung des Athletiker Problems Zeilschr f 
Morph und Anthrop 62, Heft 2, 121 165 
L E W I N , T H O R D 1969 Reproducibil ity in anthropometr ic studies of sitting and standing 
D e p a r t m e n t of Anatomy University of Goteborg 
L E W I N , T H O R D , & J Ü R G E N S , H A N S W 1969 Über die Vergleichbarkeit \ o n Anthropomet-
rischcn Daten Zeitschr j Morph und Anthrop 61 , ii 41 
M A R E S I I , M 1955 Linear growth of long bones of extremities from infancy through ado-
lescence Am J Dis Child 89, 725 742 
M A R E S I I , M 1964 Variations in pat terns of linear growth and skeletal matu ia t ion Am 
J Phys Therapy Assoc 44 
M C C A M M O N , ROBERT W 1970 H u m a n Growth and Development Charles С Thomas, 
Publisher, Springfield, Illinois 
S C H L F I L , H 1959 The analysis of variance J Wiley, L o n d o n 
STUART, HAROLD С , &. R E E D , RODI-RT В , A \ D ASSOCIATES 1959 Longitudinal studies of 
child health and development Series I I Pediatrics 24, 875-974 
T A N N E R , J M 1962 G r o w t h a t Adolescence Blackwell Scientific Publications, Oxford 
TROTTER, M I L D R E D , & GLESER, G O L D I N E С 1958 A réévaluation of estimation of s ta ture 
based on measurements of s ta ture taken during life and of long bones after death 
Am J Phys Anthrop 16, 79-121 
V A L K , Ι M 1971 Accurate measurement of the length of the ulna and its application in 
growth measurement Growth 35, 297-310 
464 ULNEE GROWTH IN PUBERTAL BOYS 
. 1972. Ulnar length and growth in twins with a simplified technique for ulnar 
measurement using a condylograph. Growth 36, 291-309. 
WATSON, ERNEST H., & LOWREY, GEORGE H. 1951. Growth and development of children. 
The Year Book Publishers. Chicago. 
WIERDÍCEN VAN, J. C. 1972. Secular changes of growth. Netherlands Institute for Pre-
ventive Medicine, T.N.O., Leiden. 
NATIONAL HEALTH SURVEY. 1973. Scries 11, number 124. Heights and Weights of Youths 
12-17 years United States. US . Department of Health, Education and Welfare, 
RockvUle, Md. 
COMMENTS 
Chapter 2 illustrates the usefulness of short term three weekly 
ulnar growth measurements - the method of which is described in 
chapter 1 - in the study of the contribution of genetic information 
and nurture factors on growth in a certain part of childhood 
development The study of a group of monozygotic and dizygotic 
twins or triplets uncovered that in the years of late childhood 
preceding puberty genetic growth determination as expressed in 
ulnar length growth is not discernible Commenting on that paper 
the Swedish investigator Brannang draw our attention to a study 
on monozygotic cattle twins (Hansson, Brannang and Liljedahl 1967) 
In that study the relative influences of nutrition, heredity and age 
on the growth rate of these cattle was evaluated Their results led 
these authors to conclude that genetic factors influenced growth 
rate discernibly shortly after birth In the following one and a half 
year the significance of genetic influences decreased 
The third paper (chapter 3), describing circumpuberal growth 
followed closely by three weekly ulnar length measurements in a 
longitudinal study of a sizable group of Dutch boys, needs additional 
information and comment The paper descubes the follow-up of 
growth in these boys up till May 1973 Ever since the results of 
measurements for another one and a half year have been collected 
and evaluated together with the data already during the two and a 
half years of follow-up reported in chapter 3 It will not surprise 
that the distribution of the individual growth studies in the growth 
classes discerned by the classification procedure described in that 
study, changed Table 1 illustrates that the equal distribution over 
the accelerating and decelerating growth type moved into the more 
advanced stage of decelerating growth, simply due tot the fact that 
the group of boys became older The table inlustrates in addition that 
merely two boys could not be classified due to an indeterminate 
growth pattern and that sixteen dropped out the study (mainly due 
to moving from the technical school) 
So far, the analysis of the data in chapter 3 concentrated on 
the usefulness of three weekly ulnar growth measurements to 
detect a boy s biological development during puberty It was found 
that around the age of pubertv ulnar growth fairly represents growth 
in body height and that, therefore, measurements of the former 
phenomenon in a longitudinal study led to a number of conclusions 
that were partly in line with those reported earlier in literature by 
body height measurements during puberty 
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Table 1: 
THE NUMBERS OF BOYS WITH AN ACCELERATING, ACCELERATING-
DECELERATING AND A DECELERATING GROWTH PATTERN IN MAY 1973 
AND IN MAY 1974 
Growth pat tern 
Accelerat ing 
Accelerating-decelerating 
Decelerating 
Indeterminate 
Too low velocity, however, 
Decelerating 
Total 
May 1973 
25 
12 
27 
2 
3 
69 
May 1974 
5 
17 
27 
2 
2 
53 
After completion of our nearly four year follow-up of circum-
puberal growth in individual boys it was thought worthwhile to 
analyse more extensively characteristics such as start of the growth 
spurt, duration of the spurt, peak growth velocity, end of the spurt 
growth, and the relationships between these phenomena and ulnar 
length itself and its growth, and the boy's calender age. The analysis 
of the data of chapter 3 do not allow to compare our findings on 
these phenomena as closely as possible with literature data. Indeed, 
the classification procedure as used in this analysis gave priority 
to overall growth velocity determinations in the successive quarters 
of each individual growth study. For instance, the mean „near 
maximal" TUG rate was derived from the highest figure of the mean 
TUG rate in any of the four quarters of each growth study. In order 
to approximate peak growth velocity comparably to the estimates 
in the literature it is necessary to give priority to that part of each 
individual growth stury during which a peak growth velocity 
phenomenon was discernible. The same holds true for the other 
phenomena of pubertal growth mentioned above. 
To that purpose three observers scrutinized each individual 
growth chart and indicated on inspection by eye, as described by 
several investigators, that segment of growth in which maximum 
growth velocity was reached (Marshall and Tanner 1970, Johnston, 
Borden en Mac Vean 1973). The dividing point in the middle of 
that segment was arbitrarily chosen as the indicator of the time 
at which pubertal growth reached its maximum. Subsequently, the 
mean TUG rates during time intervals of nine, seventeen, twenty 
seven and thirty five periods of three weeks around the center of 
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peak growth velocity of ulnar length was assessed for each indivi­
dual study The mean TUG rate calculated from the TUG rates 
during nine time intervals around the center of peak growth 
velocity was arbitrarily defined as the peak velocity during the 
spurt The start of the spurt was found on inspection by eye of the 
inflection of the growth column chart, taking the date of the middle 
of four successive TUG rates whose mean value was higher than 
0 7 mm = mean prepubertal TUG rate τ- 1 S D The end of the 
growth spurt was determined in a comparable way, in the middle 
of that period of four successive TUG rates in which the mean TUG 
rate reached a value lower than 0 7 mm The means of each of 
these pubertal growth characteristics were calculated This type of 
analysis of growth data has been used by other investigators as the 
so-called „peak-centering procedure In this manner start, peak 
and end of the pubertal growth spurt could be detected in the 
growth charts of 17 boys According to the classification procedure 
as described in chapter 3 these boys evidently belonged to the 
accelerating-decelerating growth class In an additional number of 
boys whose growth had to be classified as decelerating, not all, 
but some parameters, e g peak velocity, end of the spurt, growth 
from peak to the end of the spuit, could be discerned In the calcu­
lations of the correlation coefficients these data have been included 
deliberately in order to optimalize the use of the data It is added 
that the strength of any correlation coefficient by this procedure 
did not change essentiallv 
Table 2 compiles the Pearson correlation coefficients, table 3 
the Spearman correlation coefficients Both these parametric and 
non-parametric procedures have been used and their results illus­
trated in order to account of the prudential concern about the use­
fulness of Pearson correlation coefficients in the study of a statis­
tically small sample In fact, meaningful differences between 
the Spearman and Pearson correlation coefficients have not been 
detected In the following analysis of the data the Pearson correlation 
coefficients have been therefore used, since Stolz and Stolz (1951), 
Demmg (1957), Marshall and Tanner (1970) and other growth 
students choose the same method 
CIRCUMPUBERAL LENGTH OF THE ULNA IN RELATION TO 
CALENDER AGE 
The length of the ulna at the start of the spurt was not signifi­
cantly correlated with the age at which the spurt started (r = + 
0 17), the length of the ulna at the time of peak growth velocity 
not with the age at which peak velocity was reached (r = + 0 07), 
nor was the length of the ulna at the end of the spurt correlated 
significantly with the age at the end of the spurt (r = — 0 20) 
These findings illustrate that in the process of maturation of the 
ulna chronological and biological aging are not synchronized as 
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Table 2: 
THE PEARSON CORRELATION COEFFICIENTS BETWEEN THE ULNAR 
LENGTH, THE DURATION OF THE SPURT, THE TOTAL GROWTH DURING 
THE SPURT AND THE PEAK GROWTH VELOCITY. 
ulnar length 
start spurt 
u lnar length 
peak spurt 1 
ulnar length 
end spurt , 
aqe start 
spurt 
age peak 
spurt 
aqe end 
spurt 
total qrowth 
durinq spurt 
durat ion 
spurt 
peak 
qrowth 
velo­
city 
.52 
* 
.51 
** 
.66 
*** 
—.54 
* 
—.58 
** 
— 53 
** 
.62 
** 
22 
dura- t o t a l age 
t ion 4« .wth I 
«»" turf ^ 
— 29 
—0.8 
—.17 
— 42 
(*) 
—.28 
— 04 
85 
*** 
.11 
.31 
.57 
* 
—.58 
* 
—.49 
* 
—.28 
.17 
.01 
—.14 
age 
peak 
spurt 
.13 
—.07 
—.24 
aqe 
end 
spurt 
.06 
—.12 
—.20 
*** = ρ < 0.001 
** = ρ < 0.01 
* = ρ < 0.05 
(*) = ρ < 0.10 
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Table 3 
THE SPEARMAN CORRELATION COEFFICIENTS BETWEEN THE ULNAR 
LENGTH, THE DURATION OF THE SPURT THE TOTAL GROWTH DURING 
THE SI URT AND THE ΡΕΛΚ GROWTH VELOCITY 
ulnar lenqth 
start spurt 
ulnar lenqth 
peak spurt 
ulnar lenqth 
end spurt 
aqe start 
spurt 
aqe peak 
spurt 
aqe end 
spurt 
total qrowth 
durinq spurt 
duration 
spurt 
„A1 r-
60 
* 
45 
** 
66 
*** 
— 44 
(*) 
— 51 
** 
— 45 
* 
51 
* 
14 
— 28 
— 08 
22 
— 50 
* 
— 33 
— 10 
88 
*** 
total 
qrowth 
durmq 
spurt 
06 
23 
56 
* 
— 59 
* 
— 50 
* 
— 29 
aqe 
start 
spurt 
10 
— 00 
— l b 
aqe 
peak 
spurt 
02 
— 00 
— 22 
aqe 
end 
spurt 
— 02 
— 04 
— 13 
(*) = ρ < 0 10 
* = ρ < 005 
** = ρ < 001 
*** = ρ < 0 001 
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was shown earlier for body height (Stoltz and Stoltz 1951, Tanner 
1962, Johnston 1964, Marshall and Tanner 1974). Otherwise stated, 
the time at which t b " pubertal growth ^purt oreurs does not have 
a close relation to the ulnar length reached by growth. Indeed, 
pathology illustrates that pubertal growth spurts occur even during 
early childhood. 
CIRCUMPUBERAL ULNAR LENGTH, PUBERTAL GROWTH AND 
ITS PEAK VELOCITY AND THE DURATION OF THE GROWTH 
SPURT 
The ulnar length at the start of the spurt is sigr ificantly and 
positively (r = + 0.52) correlated with the ulnar oeak growth 
velocity during puberty. Otherwise stated, the longe - the ulna at 
the start of the growth spurt, the more intense the spur. is. However, 
a significantly negative correlation (r = — 0.54) w is calculated 
between the chronological age at which the spurt slarts and the 
peak growth velocity or otherwise, the younger a boy starts with 
his pubertal growth, the higher the peak velocity is. These relations 
- the earlier a boy's growth spurt starts, the higher peak velocity 
is reached, and, the greater a boy's ulnar length at the start of the 
spurt, the higher the peak velocity is - are seemingly contradictory. 
Indeed, these relations illustrate that the higher peak velocities 
will be reached by boys whose skeletal maturation at the start of 
the spurt is the more advanced. This conclusion reminds of the 
fact that „early maturers" do reach higher peak velocities as was 
reported as early as 1930 by Boas, measuring body height (Boas, 
1930). 
The total product of growth (number of millimeters that is added 
to ulnar length) during the spurt is not significantly correlated with 
the ulnar length at the start of the spurt (r = + 0.11). 
From the correlation coefficients between the ulnar length at the 
start of the spurt and the total growth during the spurt (r = + 0 . 1 1 ) , 
between the total spurt growth and the duration of the spurt (r = + 
0.85) and between the duration of the spurt and the ulnar length 
at the start of the spurt (r = — 0.29), a negative and strong partial 
correlation coefficient between the latter variables was calculated 
(r = — 0.73). Therefore, the greater the ulnar length at the start of 
the spurt, the shorter the duration of the spurt. 
CHRONOLOGICAL AGE AT THE START OF THE SPURT, DURA­
TION OF THE SPURT AND TOTAL GROWTH DURING THE 
SPURT 
Figure 1 illustrates the correlation coefficients calculated between 
these variables. The negative correlation between the chrono­
logical age at the start of the spurt and the duration of the spurt 
is a correlation that can be calculated to be fully dependent on 
Θ2 
calender age 
start spurt 
— 0 58 \ / + 0 85 
total growth during spurt 
Figure 1 
CORRELATION COEFFICIENTS BETWEEN CALENDER AGE AT THE START 
OF THE SPURT, DURATION OF THE SPURT AND TOTAL GROWTH DURING 
THE SPURT 
the strongly positive correlation between total spurt growth and 
spurt duration and the independent and negative correlation between 
calender age at the start of the spurt and total growth during the 
spurt These independent correlations simply mean that the younger 
a boy is at the start of the spurt the more the ulna grows during the 
spurt 
As mentioned already, a significantly negative correlation was 
found between the calender age at which the pubertal growth 
spurt starts and the peak growth velocity, or otherwise, the youn-
ger a boy goes into pubertal growth, the higher the peak velocity is 
This combination of findings - the earler the spurt starts the more 
growth occurs, and, the earlier spurt growth starts the higher 
peak velocity is reached - should not be interpreted to mean that the 
final length of the ulna at the end of the spurt is the longer the 
earlier the spurts starts Neither is the ulnar length at the start of 
the spurt correlated significantly with the age at which the spurt 
starts In fact, the correlation coefficient calculated between these 
variables was as low as + 0 17, not significant 
Thus, the longer the ulna at the start of the spurt, the higher 
the peak velocity and the shorter the duration of the spurt Conse-
quently, the total growth during the spurt appeared to be not 
significantly correlated with the ulnar length at the start The 
earlier a boy's pubertal spurt starts the higher peak velocity is and 
the more ulnar length increases during the spurt 
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— 0 42 
duration spurt 
These data together indicate that pubertal growth results in 
leveling off differences in the biological age reached just before 
puberty. More generally stated, pubertal growth spurt seems an 
experiment of nature to reach about equal body proportions at the 
end of a man's growth process. The following correlation coeffi­
cients corroborate this thesis; 
i the ulnar length at the end of the pubertal spurt is not signifi­
cantly correlated with the age at which the pubertal spurts starts 
(r = — 0.14). 
ii the ulnar length at the end of the spurt is not correlated signifi­
cantly with the duration of the spurt (r = — 0.17). 
As a final comment on the data of chapter 3 attention is drawn to 
two facts that might have influenced the study results. 
i The sample was selected on a technical school. Van Wieringen 
reported that the mean body height of boys with a technical type 
of education was 174.4 cm at a mean age of 16.75 years. At the 
same age the mean body height of the whole Dutch population 
was 175.53 cm (Van Wieringen 1972). 
ii At the start of the study the smallest boys of the first classes 
were selected to take part in the study. At that time this selection 
was made in order to sample as much boys as possible before the 
start of the pubertal growth spurt. The mean body height of the 
boys selected was 3.83 cm lower than the mean body height of 
their classmates (t = 2.60, ρ < 0.01). 
These facts might explain the relatively low mean body height at 
the end of the study (171.14) at a mean age of 16.75 years. 
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SUMMARY 
This thesis reports the results of studies on the growth of the 
right ulna. In the first part (chapter 1) a new method of ulnar length 
measurement has been described. The standard deviation of the 
error of measurement by the method amounts to 0.21 mm. Therefore, 
this method enables to detect changes in ulnar length е.з small as 0.4 
mm. This technique has been used in short term growt'. studies. 
Chapter 2 reports the results of longitudinal short term growth 
studies in monozygotic and dizygotic multiplets in oi 1er to detect 
the relative influence of genetic and environmental nfluences on 
the growth process. The results led to the conclusion that in the age 
group studied nature factors in the growth process itsGlf cannot be 
discerned from nurture factors. However, at the start as well as at 
the end of these longitudinal studies, the ulnar length of monozy­
gotic twins appeared to be significantly more concordant than that 
of dizygotic multiplets. Therefore the conclusion had to be drawn 
that the possibility to measure genetic influences on the growth 
process varies with the stage of development and that genetic 
information in the years of linear growth preceding puberty was 
not discernible within the limits of the method. 
In the third chapter of this thesis longitudinal short term growth 
studies in boys around the age of puberty have been described. 
It was demonstrated that ulnar growth in that period represented 
growth in body height. Moreover, the results of that study indicated 
that around the age of puberty the measurement of short term ulnar 
growth is useful to detect a boy's growth spurt and its stage. The 
sensitivity of the measurement of ulnar growth was compared with 
that of the determination of body height. A fair approximation dis­
closed the sensitivity of the former method to be thrice that of the 
latter. This difference in sensitivity outweighs the lesser feasibility 
to measure ulnar length by the method described than to assess 
body height. 
In chapter 4 the interrelationships of the conventional charac­
teristics of the pubertal growth spurt have been commented upon 
in a rather primordial manner. The ,,peak centering" procedure has 
been used in order to compare the data obtained with those of 
earlier published growth studies measuring body height. 
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SAMENVATTING 
Dit proefschrift rapporteert de resultaten van studies over de 
lengtegroei van de rechter ulna In het eerste hoofdstuk wordt een 
nieuwe techniek, waarmee de ulnalengte kan worden gemeten, 
beschreven De standaarddeviatie van de meetfout van deze techniek 
bedraagt 0 21 mm Met behulp van deze techniek is het mogelijk om 
veranderingen ter grootte van 0.4 mm m de ulnalengte vast te 
stellen Deze techniek is gebruikt m "short term" groeistudies 
In het tweede hoofdstuk zijn de resultaten weergegeven van een 
longitudinaal groeionderzoek bij eeneiige en tweeenge meerlingen 
Dit onderzoek werd verricht om de relatieve betekenis van geneti-
sche en milieu-invloeden op het groeiproces te onderzoeken. Uit 
de resultaten werd gekonkludeerd dat in de leeftijdsfase van de 
onderzochte personen de genetische invloeden met konden worden 
onderscheiden van de milieu-invloeden. Met betrekking tot de ulna-
lengte was zowel aan het begin als aan het einde van de studie de 
concordantie bij eeneiige meerlingen wel signifikant groter dan bij 
tweeenge meerlingen Daaruit moest gekonkludeerd worden dat de 
meetbaarheid van de genetische invloeden die bij het groeiproces 
betrokken zijn afhankelijk van de levensfase is en dat de geneti-
sche informatie met name m de jaren van mm of meer lineaire groei, 
die voorafgaan aan de puberteit, niet met de gebruikte methode is 
aan te tonen. 
In het derde hoofdstuk zijn de resultaten beschreven van longi-
tudinale groeistudies bij jongens rond de leeftijd van de puberteit. 
Een maal per drie weken werd de ulnalengte gemeten In deze studie 
werd aangetoond dat de lengtegroei van de ulna gedurende die 
periode de lengtegroei van het lichaam representeert. Bovendien 
wezen de resultaten van de studie uit dat het meten van de lengte-
groei van de ulna binnen korte tijdsintervallen rond de leeftijd van 
de puberteit een bruikbare techniek is om de groeispurt en de fase 
waarin deze zich bevindt te bepalen De detectiegevoehgheid van 
de meting van de ulnagroei werd vergeleken met die waarbij de 
lichaamslengte wordt bepaald De beschreven methode om de 
lengtegroei van de ulna te meten, bleek drie maal zo gevoelig als 
die waarbij de lengtegroei met behulp van de lichaamslengte wordt 
bepaald 
In het vierde hoofdstuk zijn de resultaten van de bestudering van 
de onderlinge relaties tussen de door anderen gebruikte kenmerken 
van de puberale groeispurt gerapporteerd. De "peak centermg"-
procedure is gebruikt om de gegevens te kunnen vergelijken met 
die van de literatuur met betrekking tot de lengtegroei van het 
lichaam. 
87 
Woorden van waardering wil ik uitspreken voor: 
Alle jongens en meisjes die bij het onderzoek betrokken waren. 
Mariette de Backer-van Aerssen voor het enthousiasme en de 
betrouwbaarheid, waarmede zij de vele werkzaamheden heeft uit-
gevoerd en Margreet Kleijer-Van Buren voor dezelfde eigenschap-
pen, waarmede zij de werkzaamheden van Mariette heeft overge-
nomen en continueert. 
Theo Benraad voor de krachtige en kritische evaluatie van de 
techniek en de hardnekkigheid waarmee hij zelfs schier onmogelijke 
eisen aan een methodiek als deze heeft willen stellen. 
Wim Doesburg voor de vele lessen bij de statistische bewerking 
van het materiaal. 
Edo de Graaf voor de deskundige begeleiding bij het onderzoek 
naar de juiste wegen in de literatuur. 
Hans Konings voor het maken van de vele tekeningen en illustra-
ties. 
Wim Lemmens voor de zorgvuldige wijze waarop hij de vele en 
uitgebreide computerprogramma's (met gemakkelijk leesbare out-
put!) heeft gemaakt. 
Ton Lohman voor de hulp ter verkrijging van de voor deze onder-
zoekingen noodzakelijke faciliteiten. 
De heer P. Th. M. Maas, direkteur van de Lagere Technische School 
„De Kronenburg" te Nijmegen, voor zijn nu reeds vijf jaar gegeven 
medewerking aan het onderzoek op zijn school. 
Hans van Oeveren voor de inventieve steun bij het opzetten van de 
nieuwe meettechniek en met name voor de ontwikkeling van de 
vereenvoudigde afleestechniek, beschreven in het tweede hoofd-
stuk. 
Theo Schoester voor de nauwkerigheid, waarmee hij de meet-
apparaturen maakte. 
Ton Smals voor het vertrouwen, waarmee hij de uitslagen van de 
groeimetingen funktioneel mpast in de diagnostiek. 
Daarnaast allen die op enigerlei wijze hebben bijgedragen aan de 
totstandkoming van dit proefschrift. 
CURRICULUM VITAE 
Ignatius Maria Valk werd geboren te 's-Hertogenbosch op 28 
februari 1934. Technisch onderwijs ontving hij op de Ambachts-
school Don Bosco te Leusden. Daarna behaalde hij in 1956 het diplo-
ma H.B.S. a aan het Marianum te Groenlo. Hij begon zijn studie in de 
Culturele Anthropologie in 1960 aan de Katholieke Universiteit te 
Nijmegen en behaalde het doctoraalexamen in 1964. Sinds 1965 is hij 
werkzaam als wetenschappelijk medewerker op de afdeling Anato-
mie en Embryologie van de Medische Fakulteit te Nijmegen. 
89 

ERRATA 
Page 9: Ime 1: Accurate measurement 
Page 47: line 1: in boys around the age 
Page 80. correlation between ulnar length peak 
spurt and duration spurt must be —.08 
Page 83: line 11: - the earlier the spurt starts 
Page 84: Ime 2: levelling off differences 
Page 88: line 29: nauwkeurigheid 

STELLINGEN 
I 
Bij eigen waarnemingen werd soms, kort voor het begin van de 
groeispurt een groeivertraging waargenomen. De frekwentie en de 
betekenis van dit verschijnsel dienen nader onderzocht te worden. 
I. M. Valk, eigen waarnemingen, 1971-1974. 
Il 
Het optreden van voorbijgaande lengteveranderingen "transitional 
changes" van de ulna hebben een storende invloed op de meetbaar­
heid van lengteveranderingen ten gevolge van groei. Valk I. M., 
1974. Ulnar growth in boys around the age of puberty. Growth, vol. 
38, p. 437-464. Uit eigen niet gepubliceerde waarnemingen is geble­
ken dat de ulnalengte 's morgens langer is dan 's middags. Daarom 
moeten, wanneer bij een kind de lengtegroei van de ulna wordt 
onderzocht, de metingen aan het begin en aan het einde van het 
tijdsinterval, waarover de groei bepaald wordt, zo veel mogelijk op 
eenzelfde tijdstip van de dag worden uitgevoerd. 
IIT 
Bij metingen van de lichaamslengte die tot doel hebben de lengte-
groei van het lichaam bij het betreffende individu te onderzoeken, 
is het veel belangrijker om te letten op de reproduceerbaarheid van 
de houding, dan op het feit of oor- en oogopening in een horizontaal 
vlak zijn gelegen. 
IV 
Het begrip "dynamisch type" van Meyer-Abbich heeft de waarde 
van een mislukte poging het denken in typen nieuw leven in te 
blazen. De term op zich is een contradictio in terminis. 
Meyer-Abbich Α., 1963. Geistesgeschichtliche Grundlagen der Biolo­
gie Stuttgart, p. 84-86. 
V 
De kleuterbureau's en de schoolartsendiensten dienen meer aan­
dacht te besteden aan de groeisnelheid. Daarom moet van ieder te 
onderzoeken kind een groeidiagram gemaakt worden. 
VI 
Het is zinvol na te gaan ot bij de berekening van de dosering van 
geneesmiddelen, naast gegevens over de lichaamslengte, het ge­
wicht en de geneesmiddelenklaring, informatie over de groeisnel-
heid van een kind van betekenis is. 
VII 
Het onderzoek naar receptoien voor hormonen in mamma-weefsel 
dient, met name m verband met zijn betekenis voor de behandeling 
van patiënten met borstkanker, bevorderd te worden door meer 
financiële en personele middelen op korte termijn ter beschikking 
te stellen. 
VIII 
Het effekt van "ballon-counterpulsatie" in de aorta berust niet alleen 
op de verbetering van de coronaire circulatie in de diastole, maar 
ook op vermindering van de 'after-load" van de Imker hartkamer 
Austen W Gerald, et al, 1975 Intra-aortic balloon pumping and 
surgical treatment for the acute complications of coronary artery 
disease Coronary artery surgery Excerpta Medica, Amsterdam, 
p. 47-53 
IX 
De hik die met veroorzaakt wordt of ontstaan is door een ziekte, 
kan effektief bestreden worden door het hoofd gedurende ongeveer 
één minuut straf naar links gedraaid te houden 


